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scanner  using  a  charge-coupled  device  (CCD)  as  a  sensing  element. 
The  goal  was  to  develop  a  means  whereby  the  voltage  threshold  level 
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determine  an  acceptable  component  of  the  analog  video  signal  as  a 
thresholding  reference,  an  extensive  stud^  of  the  signal  behavior 
was  conducted  over  a  variety  of  conditions. 


An  Automatic  Threshold  Control  (ATC)  was  designed  that 
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discrete  spatial  frequencies.  The  threshold  voltage  is  varied 
automatically  until  the  number  of  black/white  (zero/one) 
transitions  is  maximized  for  the  CALIBRATION  PATTERN.  The 

threshold  voltage  producing  this  maximum  number  of  transitions  is 
equivalent  to  the  threshold  required  to  produce  optimum  resolution 
in  the  scanner  hard-copy  output.  This  threshold  value  is  then 
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System  performance  using  this  ATC  scheme  is  excellent.  The  / 
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CHAPTER  1 


INTRODUCTION 

A.  PROBLEM  STATEMENT 

The  goal  o£  this  research  was  to  refine  an  existing 
electro-optical  bound  document  scanner  under  development  in  the 
Laboratory  for  Information  and  Decision  Systems  by  reducing  the 
need  for  manual  adjustments.  Specifically  this  involved 
designing  and  incorporating  a  means  of  automatically  setting  the 
voltage  threshold  level  of  the  video  one-bit  analog-to-digital 
converter  at  a  value  that  would  provide  optimum  quality  in  the 
reproduced  copy.  The  subsystem  accomplishing  this  task  will  be 
referred  to  as  an  Automatic  Threshold  Control,  or  ATC  in  this 
report.  A  further  objective  of  the  ATC  was  to  provide  the 
scanner  with  the  capacity  for  automatically  compensating  for 
paper  color  and/or  quality  and  for  variations  in  illumination. 

B.  PROJECT  BACKGROUND 

The  immediate  thrust  behind  the  development  of  a  bound 
document  scanner  at  the  Laboratory  for  Information  and  Decision 
Systems  is  to  improve  the  interlibrary  resource  sharing  process 
which  now  works  on  a  "lending-borrowing"  principle.  The 
requirement  to  physically  move  either  originals  or  copies  from 
one  geographic  location  to  another  can  take  up  to  two  to  four 
weeks  from  the  initial  request.  On  the  other  hand,  the  ability 
to  electronically  move  hard  copy  material  economically  would 
essentially  reduce  turn-around  time  to  only  that  required  to 
process  the  request,  locate  the  document,  and  transmit  the 
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specified  pages.  Conceivably,  turn-around  time  could  be  reduced 
to  less  than  a  day,  and  in  many  cases  less  than  one  hour.  In 
addition,  the  follow-on  applications  of  such  a  system  in 
commercial,  industrial,  and  military  areas  could  result  in 
significant  increases  in  efficiency  of  information  management. 

The  principle  of  the  bound  document  scanner  to  which  the  ATC 
will  be  applied  is  to  convert  the  information  content  of  an  8.5  x 
11  inch  printed  page  into  3.6  megabits  of  digital  information 
through  line-by-line  scanning.  The  digital  signal  can  then  be 
compressed  for  transmission  on  a  56  kilobit/second  data  line, 
such  a  line  representing  a  tradeoff  between  transmission  cost  and 
per-page  transmission  time.  Copy  is  produced  at  the  destination 
by  an  electrostatic  printer. 

In  the  laboratory,  scanning  is  accomplished  by  a  system  that 
uses  a  Fairchild  Charge  Coupled  Device  (CCD)  to  convert  light  to 
analog  electrical  signals.  The  CCD  consists  of  a  linear  array  of 
2048  image  sensing  elements  (lSEs).  The  output  of  each  element 
is  proportional  to  the  intensity  of  light  and  integration  time 
allowed.  One  "line"  of  information  is  obtained  in  parallel  form 
and  then  shifted  out  of  the  CCD  serially  for  subsequent 
processing.  The  CCD,  light  source,  and  focusing  lens  are  mounted 
on  a  common  structure  and  physically  moved  in  the  second 
dimension  by  a  phase-locked  loop  DC  motor  to  provide  a  raster 
scan  of  the  entire  page. 

Several  theses  have  been  written  concerning  the  bound 
document  scanner  either  directly  or  indirectly.  They  are  listed 
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in  Chapter  7 ,  but  they  also  deserve  mentioning  now  for  those 
interested  in  more  extensive  background  review.  Aghamohammadi 
conducted  the  original  design  and  fabrication  of  the  bound 
document  scanner.  If  a  working  knowledge  of  the  scanner  is 
required,  his  thesis  should  be  read  and  thoroughly  understood 
before  proceeding.  Keverian,  while  primarily  concerned  with  a 
parallel  project  on  microfiche  scanning,  developed  hardware 
interfaces  with  the  F8  microprocessor  available  in  the 
laboratory.  These  interfaces  are  used  in  the  bound  document 
scanner  system.  Agudelo  worked  on  a  document  cradle,  light 
non-uniformity,  and  other  problems  associated  with  the  existing 
scanner.  Medley  accomplished  extensive  software  and  hardware 
modifications  to  the  F8  microprocessor  independent  of  any  other 
projects  supported  by  the  F8.  His  thesis  should  be  reviewed 
when  information  concerning  current  operation  of  the  F8  is 
required.  Vinciguerra  studied  the  feasibility  of  various  data 
compression  schemes  for  application  to  document  transmission,  and 
Dishop  followed  this  work  with  further  evaluation  and  design. 

C.  RESEARCH  PLAN 

The  first  phase  of  this  research  consisted  of  analyzing  the 
analog  video  signal  behavior  with  respect  to  various  light 
conditions,  paper  reflectivities,  and  spatial  frequency 
excitation.  The  objective  was  to  pinpoint  critical  variables 
that  would  be  suitable  for  obtaining  a  proper  threshold  relation. 
In  the  second  phase,  a  subsystem  was  designed  and  built  that 
would  sense  the  video  signal  variable  and  control  the  voltage 
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threshold  level  according  to  the  performance  of  this  variable. 
Finally,  the  system  was  evaluated  with  different  lighting 
conditions,  paper  colors,  and  spatial  frequency  patterns  to 
determine  its  feasibility. 

D.  SUMMARY  OF  RESULTS 

An  ATC  was  designed  that  exploited  the  modulation  transfer 
function  of  the  CCD  as  a  means  for  selecting  an  optimum  voltage 
threshold  level.  A  CALIBRATION  PATTERN  consisting  of  several 
sets  of  parallel  lines  is  superimposed  at  the  left-hand  margin 
of  the  page  being  scanned.  This  pattern  contains  various 
discrete  spatial  frequencies.  The  threshold  voltage  is  varied 
automatically  until  the  number  of  black/white  transitions  is 
maximized  for  the  CALIBRATION  PATTERN.  The  threshold  voltage 
producing  this  maximum  number  of  transitions  is  then  locked  in 
for  the  duration  of  the  page  being  scanned. 

System  performance  using  this  ATC  scheme  has  been  excellent. 
The  scanner  now  selects  a  threshold  voltage  on  a  per-page  basis 
that  yields  acceptable  copies.  The  ATC  is  able  to  automatically 
compensate  for  various  types  of  paper  and  changes  in  lighting 
conditions  due  to  fluorescent  tube  deterioration.  Thresholding 
errors  occur  about  10  to  15  percent  of  the  time,  but  they  are  due 
to  other  shortcomings  in  the  scanner  rather  than  in  the  ATC 
scheme.  When  threshold  errors  do  not  occur,  the  threshold  chosen 
is  the  best  that  can  be  obtained. 
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E.  PREVIEW  OF  DISCUSS I OK 

Chapter  2  presents  an  analysis  of  the  analog  video  waveforms 
that  are  derived  from  the  CCD  under  operational  conditions.  The 
results  of  this  analysis  are  used  to  develop  a  conceptual 
approach  to  automatic  threshold  control.  Chapter  3  discusses  the 
evaluation  of  various  experimental  CALIBRATION  PATTERNS  to 
determine  the  characteristics  necessary  to  produce  the  desired 
analog  video  waveform  for  thresholding  purposes.  A  practical 
implementation  of  tne  ATC  is  developed  in  Chapter  4,  together 
with  considerations  that  led  to  the  implementation.  Chapter  5 
contains  the  development  of  sampling  algorithms  that  allow  the 
thresholding  process  to  be  accomplished  in  minimum  time  along 
with  the  incorporation  of  these  algorithms  into  the  existing 
scanner  software.  Finally  the  results ,  conclusions,  and 
recommendations  for  further  research  are  detailed  in  Chapter  6. 
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CHAPTER  2 

ANALOG  VIDEO  SIGNAL  ANALYSIS 


A.  OBJECTIVE 

A  thorough  analysis  of  the  analog  video  signal  derived  from 
the  CCD  during  the  line-scanning  process  was  conducted  to 
classify  its  components  and  learn  its  behavior  under  different 
conditions.  The  purpose  was  to  develop  a  sound  basis  for 
selecting  a  parameter  of  this  signal  for  use  in  controlling  the 
voltage  threshold  level  of  the  A-to-D  converter.  Ultimately,  the 
analog  video  signal  is  dependent  on  the  amount  of  light  reaching 
the  individual  image  sensing  elements  (ISEs)  of  the  CCD.  Many 
factors  affect  the  amount  of  light  that  the  CCD  sees,  but  the 
relevant  factors  are  those  that  normally  occur  in  a  "user 
environment”,  rather  than  abnormal  conditions  that  could  be 
induced  in  a  "laboratory  environment".  The  factors  researched 
were: 

1.  Intensity  of  the  light  source  (1) 

2.  Color  content  of  the  document 

3.  Spatial- frequency  content  of  the  document 

B.  FINDINGS 

The  general  configuration  of  the  analog  video  signal  will 
first  be  described  with  reference  to  Figure  2.1  and  the  CCD142 
data  in  Appendix  A.  One  period  of  the  signal  is  equivalent  to 

(1)  Note  that  the  distance  between  the  document  and  the  CCD  also 
affects  the  amount  of  light  reaching  the  ISEs.  This  fact,  due  to 
the  optics  and  the  geometry  of  the  scanner,  gives  rise  to  a  light 
non-uniformity  issue  which  was  addressed  by  Agudelo.  Additional 
information  on  this  subject  is  included  in  Chapter  6. 
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one  line  of  video  information.  In  turn,  the  period  is  controlled 
by  the  signal,  EXTERNAL  EXPOSURE  (1)  which  initiates  the  dump  of 
data  from  the  CCD.  The  CCD  analog  data  stream  for  one  line  is 
in  the  following  order:  black  reference  level,  valid  video, 
black  reference  level,  and  white  reference  level.  Once  the  CCD 
data  dump  is  complete,  there  are  almost  900  microseconds  of  idle 
time  to  allow  for  microprocessor  command  functions.  In  terms  of 
magnitude,  the  video  information  is  contained  in  an  AC  component 
obtained  by  subtracting  the  instantaneous  total  analog  voltage 
from  a  fixed  DC  component  of  5.6  volts.  The  maximum  voltage  of 
5.6  volts  represents  absolute  black,  and  negative  departures  from 
this  maximum  result  from  various  light  levels  absorbed  by  the  CCD 
ISEs.  The  CCD  typically  saturates  at  1400  millivolts  below 
absolute  black,  and  the  fluorescent  lights  used  as  the 
illumination  source  provide  ample  output  to  drive  the  CCD  to 
saturation.  But  in  the  current  design,  the  focusing  lens  f-stop 
is  set  at  5.6  for  depth-of-f ield  considerations.  This  resulted 
in  the  largest  white  levels  observed  being  200  to  300  millivolts 
below  black,  depending  on  the  condition  of  the  lights.  In  other 
words,  the  existing  combination  of  illumination  source  and  f-stop 
setting  drives  the  CCD  at  14  to  21  percent  of  its  capacity. 
Valid  video  information  therefore  was  found  in  the  extreme  to 
reside  in  the  range  5.3  to  5.6  volts  and  more  commonly  in  the 
range  5.4  to  5.6  volts.  The  major  issue  of  setting  the  proper 

(1)  Reference  Aghamohammadx ,  Chapter  6  and  TIMING  AND  PROCESSING 
circuit,  Appendix  E. 
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threshold  level  is  finding  the  value  of  voltage  that  is  LESS  THAN 
all  black  voltage  values  and  GREATER  THAN  all  white  voltage 
values.  For  this  purpose,  it  is  important  to  understand  how  the 
black  and  white  video  levels  react  to  the  factors  listed  above. 
First,  however,  it  will  be  convenient  to  introduce  the  term  "pel 
swing,"  defined  as  the  magnitude  of  the  DIFFERENCE  between  black 
and  white  voltage  levels  in  the  video  signal.  Pel  swing  is 
normally  measured  in  millivolts  and  provides  a  convenient 
quantity  for  expressing  the  analog  signal  behavior. 

That  light  intensity  has  a  predictable  effect  on  pel  swing 
was  easily  demonstrated  by  varying  the  f-stop  of  the  focusing 
lens.  A  blank  piece  of  white  paper  was  scanned  with  soft  white 
fluorescent  lights  providing  illumination.  Pel  swing  was 
measured  from  absolute  black  (5.6  volts)  to  the  maximum  deviation 
from  absolute  black.  The  results  are  illustrated  in  Figure  2.2. 
Note  that  f-stops  of  2.8  and  below  saturate  the  CCD. 

The  background  color  of  the  document  being  scanned  is  also 
an  important  parameter  because  in  a  user  environment  the  scanner 
will  certainly  encounter  different  qualities  and  textures  of 
white  paper  and,  less  commonly,  a  variety  of  paper  colors.  CCD 
response  to  paper  color  and  texture  at  a  fixed  f-stop  of  5.6  was 
measured  experimentally  by  scanning  a  blank  piece  of  construction 
paper  of  a  uniform  color  and  recording  the  pel  swing  from 
absolute  black  to  the  maximum  deviation.  Again,  soft  white 
fluorescents  were  used.  These  results  are  shown  in  Figure  2.3. 
In  a  predictable  fashion,  white  and  black  paper  yield  the  two 
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extremes  in  the  range  of  pel  swings.  But  from  a  more  critical 
standpoint,  one  would  expect  the  resulting  analog  signal  from 
scanning  black  paper  to  be  very  close  to  absolute  black,  that  is, 
to  yield  a  very  small  pel  swing.  However,  this  experiment 
revealed  considerable  pel  swing  with  black  paper.  The  cause  was 
traced  to  stray  light  "leaking"  to  the  CCD  ISEs  due  to  a  design 
deficiency  in  the  scanner's  optical  path.  This  problem  is 
covered  in  Chapter  6. 

The  behavior  of  the  video  signal  with  respect  to  spatial- 
frequency  content  of  the  information  contained  on  a  page  is  a 
more  complicated  issue.  As  stated  above,  pel  swing  has  been 
measured  between  absolute  black  and  the  maximum  white  level 
generated  by  the  CCD  under  blank,  monochromatic  paper  conditions 
(zero  spatial  frequency).  But  with  increases  in  spatial 
frequency  information  on  the  page  resulting  from  alternating 
black  and  white  lines,  signals  corresponding  to  the  black  level 
migrate  downward  away  from  absolute  black,  while  signals 
corresponding  to  the  white  level  migrate  upward  although  not  at 
the  same  rate.  Figure  2.4  illustrates  this  behavior  by  showing 
the  CCD  response  to  a  series  of  black  lines  and  white  spaces  that 
represent  increasing  spatial  frequency.  This  phenomenon  is  due  to 
"crosstalk"  between  ISEs  in  the  form  of  hole-electron  spillovers. 
In  other  words,  when  one  ISE  is  excited  while  an  adjacent  ISE  is 
not  excited,  there  tends  to  be  a  certain  amount  of  charge 
transfer  between  the  two  ISEs.  The  result  is  less  signal  output 
from  the  principal  ISE  and  a  small  signal  output  from  adjacent 
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ISEs,  and  this  is  exhibited  in  the  modulation  transfer  function 
discussed  in  Appendix  A.  For  the  CCD142  in  this  particular 
application,  a  spatial  frequency  of  100,  equivalent  to  a 
resolution  of  200  lines  on  the  scanned  document,  will  produce  the 
Nyquist  rate  at  the  face  of  the  CCD.  The  Nyquist  rate  is  defined 
as  the  spatial  frequency  that  will  excite  every  other  ISE  in  the 
CCD's  linear  array.  Hence,  it  is  the  maximum  spatial  frequency 
the  CCD  is  physically  capable  of  resolving.  Experimental 
measurements  of  pel  swing  versus  spatial  frequency  are  displayed 
in  Figure  2.5.  The  measurements  of  black  and  white  level 
migrations  as  a  function  of  spatial  frequency  are  presented  in 
Figure  2.6.  It  is  important  to  understand  the  relationship  among 
Figures  2.4  to  2.6.  First  observe  the  fact  that  the  curves  in 
Figure  2.6  exactly  form  the  envelope  of  the  waveform  of  Figure 
2.4.  (1)  Also  note  in  Figure  2.6  that  the  vertical  distance 
between  the  two  curves  at  a  particular  spatial  frequency  is 
precisely  the  pel  swing  generated  by  that  spatial  frequency  as 
pictured  in  Figure  2.5. 

The  results  presented  thus  far  are  correct  in  showing  the 
general  trend  of  analog  signal  behavior,  but  the  data  have 
limited  accuracy  for  a  number  of  reasons.  One  reason  already 
cited  is  the  stray  light  leakage  which  has  the  effect  of  inducing 
unwanted  bias  signals.  Another  reason  is  the  fact  that  the 
analog  signal  contains  30  to  50  millivolts  of  clocking  noise 

(1)  The  apparent  curving  envelope  in  Figure  2.4  TS  due  to  a 
scaling  factor  in  the  computer  generation  of  the  waveform. 
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which  makes  precise  measurements  extremely  difficult  to  obtain.  A 
third  reason  stems  from  the  deterioration  of  fluorescent  lights 
with  time,  causing  slightly  different  light  levels  from  day  to 
day.  Despite  these  uncertainties,  however,  adequate  information 
had  been  obtained  at  this  point  to  proceed  with  the  ATC  design. 

C.  CHOICE  OF  PARAMETER  FOR  THRESHOLD  CONTROL 

Recall  from  Chapter  1  that  the  threshold  value  being  sought 
is  that  which  will  enable  the  scanner  to  give  the  highest  quality 
output  possible.  Output  quality  can  be  measured  by  "resolution” 
or  the  ability  to  resolve  a  set  of  alternating  black  and  white 
lines  of  equal  width.  The  more  lines/unit  length  of  the  ensemble 
the  scanner  can  resolve,  the  better  will  be  the  quality  of  the 
output.  Resolution,  in  turn,  is  directly  related  to  spatial 
frequency.  Therefore,  it  can  be  said  that  the  desired  threshold 
level  is  one  that  will  digitize  all  spatial  frequencies 
represented  in  the  analog  video  signal  thereby  producing  the 
highest  resolution  in  the  output.  With  the  goal  now  defined  as 
preserving  all  spatial  frequencies  as  the  video  signal  is 
digitized,  it  is  logical  to  exploit  the  analog  video-signal 
behavior  with  respect  to  spatial  frequency  as  the  parameter  for 
controlling  the  threshold.  The  concept  is  more  easily  understood 
by  the  following  example. 

Referring  back  to  Figure  2.4,  if  one  were  required  to  select 
a  threshold  voltage  that  would  permit  proper  digitization  of  all 
alternations  between  black  and  white,  one  should  choose 
voltage-level  Q  as  the  correct  value.  Other  threshold  levels 
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such  as  P  or  R  would  cause  loss  of  the  higher  spatial-frequency 
information  in  the  A-to-D  conversion  process.  This  leads  to  a 
simple  algorithm  for  selecting  the  optimum  threshold,  using  the 
particular  analog  signal  of  Figure  2.4: 

1.  Vary  the  A-to-D  threshold  voltage  through  an  appropriate 
range  of  discrete  values. 

2.  Count  the  number  of  zero/one  (black/white)  transitions 
at  each  discrete  threshold. value. 

3.  Select  the  threshold  value  that  resulted  in  the  maximum 
number  of  black/white  transitions. 

It  is  important  to  highlight  the  fact  that,  for  threshold-setting 
purposes,  use  of  an  analog  video  signal  containing  linearly 
increasing  spatial  frequencies  is  fundamental  to  the  success  of 
the  algorithm.  A  signal  such  as  this  must  be  obtained  by  scanning 
a  CALIBRATION  PATTERN  such  as  that  shown  in  Figure  2.4(A). 
Issues  concerning  choice  of  a  CALIBRATION  PATTERN  will  be 
discussed  in  Chapter  3. 

D.  PARAMETERS  REJECTED  FOR  THRESHOLD  CONTROL 

Other  options  that  were  considered  but  not  chosen  for 
threshold  control  include: 

1.  Video  white  and  black  levels 

2.  CCD  reference  white  and  black  levels 

3.  Combinations  of  the  above 

Use  of  one  of  the  above  parameters  would  have  been  in  the  context 
of  a  real-time  threshold  control  scheme;  that  is,  one  that  would 
have  continuously  modified  the  threshold  level  based  on  incoming 
video  information.  In  general,  controlling  the  threshold  level 
by  direct  reference  to  a  particular  voltage  value  of  the 
time-varying  video  signal  was  explored  but  rejected  due  to  the 
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complexity  involved  in  extracting  the  required  information  from 
the  video  signal.  The  clocking  noise  in  the  video  signal, 
relatively  long  durations  of  white  signal,  and  the  migration  of 
the  white  and  black  signal  levels  toward  each  other  as  the 
spatial  frequency  of  the  textual  patterns  increases,  all 
complicate  the  task  of  pinpointing  a  particular  level  of  video 
signal.  Further  complexities  arise  in  selecting  a  video  level  or 
combination  of  video  levels  that  would  provide  a  stable  reference 
for  selecting  an  optimum  threshold  value.  A  relatively  simple 
method  of  detecting  both  peak  white  and  black  levels  of  the 
time-varying  video  signals  and  then  averaging  the  two  for  a 
correct  threshold  level  was  also  deemed  unfeasible  due  to  the 
different  migration  rates  (1)  of  the  black  and  white  levels,  and 
due  to  the  video  signal  normally  containing  substantially  more 
white  information  than  black  information.  Finally,  using  the  CCD 
reference  white  and  black  levels  was  eliminated  from 
consideration  because  these  levels  contained  no  information  about 
light  intensity,  paper  reflectivity,  or  spatial  frequency  content 
of  the  document. 


(1)  Note  the  absolute  values  of  the  slopes  of  the  two  curves  Tn 
Figure  2.6  are  different. 
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CHAPTER  3 

CALIBRATION  PATTERN  EVALUATION 

As  implied  in  Chapter  2,  the  term  CALIBRATION  PATTERN  will 
be  used  in  this  thesis  to  denote  a  series  of  parallel  black  and 
white  lines  for  forcing  the  CCD  to  produce  a  specific  analog 
video  signal  for  threshold-setting  purposes.  The  design  of  the 
ATC  calls  for  the  CALIBRATION  PATTERN  to  be  located  in  the 
left-hand  margin  of  the  document  being  scanned.  During  a  normal 
scanning  sequence,  the  first  lines  that  the  scanner  sees  would  be 
those  of  the  CALIBRATION  PATTERN.  Transmission  of  video 
information  to  the  printer  would  be  inhibited  until  the 
threshold-setting  sequence  is  complete. 

Optimally,  the  CALIBRATION  PATTERN  should  consist  of  black 
lines  on  a  transparent  surface,  thereby  allowing  the  margin  of 
the  document  being  scanned  to  provide  the  background.  This  would 
permit  the  analog  video  signal  to  be  indicative  of  the 
characteristics  of  the  paper  being  scanned,  and  in  this  way  the 
threshold  setting  could  be  based  on  the  reflectivity  and/or 
color  of  the  paper.  On  the  other  hand,  using  the  left  margin  of 
the  document  as  the  background  for  the  CALIBRATION  PATTERN 
implies  that  a  certain  portion  of  the  margin  will  be  unavailable 
for  information  content.  This  was  not  considered  to  be  a  problem 
since  it  is  highly  unlikely  there  will  be  a  need  to  transmit  a 
document  having  no  margins.  A  more  critical  question,  however, 
is  just  how  much  of  the  margin  will  be  required  to  support  the 
CALIBRATION  PATTERN,  or  equivalently,  how  many  lines  will  the  ATC 
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require  to  properly  select  an  optimum  threshold  level.  This 
issue  is  addressed  Chapter  5. 

A.  PERFORMANCE  REQUIREMENTS 

In  the  selection  of  a  CALIBRATION  PATTERN,  certain  criteria 
should  be  followed.  First  and  foremost,  the  pattern  should 
allow  the  ATC  to  select  the  optimum  threshold  level,  that  is,  the 
level  that  produces  the  highest  resolution  in  the  output. 
Secondly,  the  pattern  should  allow  the  ATC  to  produce  consistent 
results;  that  is,  with  all  inputs  constant,  the  ATC  should 
generate  the  same  threshold  level  again  and  again.  Thirdly,  the 
pattern  characteristics  should  be  invariant  to  light  and/or  paper 
characteristics.  And  finally,  the  pattern  should  be  of  the 
proper  dimensions  in  order  to  fit  in  the  margin  of  the  document. 

B .  PATTERN  COMPOS I TI ON 

The  discussion  thus  far  has  been  directed  toward  the  fact 
that  the  CALIBRATION  PATTERN  would  consist  of  a  series  of 
parallel  lines,  and  it  is  easy  to  see  why  this  would  be  a  logical 
choice.  At  the  very  low  spatial  frequencies,  a  series  of  black 
lines  separated  by  white  spaces  of  equal  width  (called 
line-pairs)  produces  a  square  wave  in  the  analog  video  signal. 
As  the  line-pairs  become  thinner,  thus  causing  the  spatial 
frequency  to  increase,  the  black  and  white  analog  levels  migrate 
together,  and  the  resulting  analog  video  signal  becomes  very 
nearly  sinusoidal  and  extremely  predictable.  The  relationship, 
illustrated  before  in  Figure  2.4,  is  re-oriented  in  Figure  3.1(A) 
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and  (B).  (1)  So  given  that  the  CALIBRATION  PATTERN  will  consist 
of  line-pairs,  the  real  question  therefore  is  what  spatial 
frequency  or  frequencies  will  be  represented  by  the  line-pairs. 
As  mentioned  in  Chapter  2,  the  theoretical  best  choice  would  be  a 
pattern  that  equally  represented  all  spatial  frequencies  up  to 
the  CCD  Nyquist  rate  of  100  line-pairs/inch.  However  it  might 
also  be  possible  that  a  pattern  containing  only  the  Nyquist 
frequency  would  be  the  best  choice.  It  turns  out  that  the  very 
small  pel  swing  generated  by  the  Nyquist  rate  would  be  a 
significant  disadvantage  to  the  development  of  an  efficient 
sampling  algorithm.  This  point  is  covered  in  Chapter  5.  The 
object  of  this  phase  of  research  was  to  ascertain  the  proper 
CALIBRATION  PATTERN  composition  by  direct  evaluation  of  various 
candidate  patterns.  Unfortunately,  within  the  scope  of  the 
project,  there  were  relatively  few  sample  patterns  available  for 
evaluation.  Still  much  insight  was  gained  with  the  patterns  at 
hand,  and  a  workable  facsimile  for  a  CALIBRATION  PATTERN  was 
obtained. 

Another  important  question  in  CALIBRATION  PATTERN 
composition  is,  in  physical  terms:  How  far  along  the  left  margin 
should  the  pattern  extend?  Or  in  other  words,  how  much  of  one 
line  of  analog  video  does  it  take  to  successfully  select  the 
optimum  threshold  level?  The  answer,  while  not  simple,  can  be 
illustrated  fairly  easily.  Figure  3.2(A)  shows  the  analog  video 

(1)  Disregard  Figure  3.1(C)  for  the  present  time. 
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signal  resulting  from  scanning  a  blank  white  page  with  perfectly 
compensated  illumination.  Under  these  conditions,  the 
CALIBRATION  PATTERN  that  is  superimposed  on  the  white  page  would 
only  need  to  be  long  enough  to  contain  the  necessary  spatial 
frequencies,  and  could  be  located  anywhere  along  the  length  of 
the  margin.  Figures  3.2(B),  (C),  and  (D)  show  the  analog  signal 
that  would  result  for  pattern  length  of  about  an  inch  and 
placement  in  the  bottom,  middle,  and  top  of  the  margin 
respectively.  Now,  for  some  reason,  let  us  assume  the 
illumination  is  not  uniform  over  the  length  of  the  page,  as 
illustrated  in  3.2(E).  The  threshold  level  is  now  sensitive  to 
pattern  placement  along  the  length  of  the  margin  as  shown  in 
3.2(F)  and  (G).  However,  two  patterns  placed  as  in  3.2(H)  would 
result  in  a  threshold  being  chosen  somewhere  between  the  levels 
of  3.2(F)  and  (G).  Realizing  that  this  is  indeed  a  compromise 
necessitated  by  less  than  optimum  illumination,  it  is  still  a 
better  choice  than  either  extreme.  Extrapolating  to  the  limit, 
it  would  be  necessary  to  use  an  entire  line  of  video  to  get  the 
best  average  over  a  line  for  non-uniform  lighting  conditions. 
This  line  corresponds  to  the  entire  left  margin  and  should  be 
filled  with  repeated  CALIBRATION  PATTERNS  as  in  3.2(1). 

C.  EVALUATION  RESULTS 

CALIBRATION  PATTERN  evaluation  consisted  of  two  stages: 
plotting  the  digital  video  transition  count  (VTC)  versus 
threshold  level  value  (N)  for  all  possible  threshold  values;  and 
running  actual  copies  with  the  threshold  value  that  yielded  the 
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maximum  video  transition  count  (MTC).  The  experimental 
CALIBRATION  PATTERNS  (ECPs)  evaluated  were  obtained  from  the  IEEE 
Std  167A-1975  Facsimile  Test  Chart  whose  data  are  contained  in 
Appendix  A.  To  simplify  documentation,  the  ECPs  that  were 
examined  are  labeled  A  through  F  in  Figure  3.3.  Referring  to 
this  figure,  ECP  A  (IEEE  Facsimile  Test  Pattern  9)  consists  of 
repetitions  of  12  discrete  spatial  frequencies  ranging  from  30.5 
to  203  line-pairs/inch.  ECPs  B,  C,  and  D  (IEEE  Facsimile  Test 
Patterns  5,  4,  and  3)  are  single-frequency  patterns  containing 
48,  25,  and  5  line-pairs/inch  respectively.  ECP  E  (IEEE 
Facsimile  Test  Pattern  19)  contains  0.01-inch  lines  spaced  0.10 
inch  apart.  ECP  F  is  a  vertical  strip  of  pseudo-random  text 
taken  from  the  IEEE  Facsimile  Test  Chart  and  chosen  so  as  to  fall 
in  the  50-to-100  line-pairs/inch  region  of  Test  Pattern  12.  While 
none  of  the  ECPs  precisely  satisfy  the  theoretical  criterion  of 
containing  all  spatial  frequencies  up  to  the  Nyquist  value,  it 
can  be  predicted  that  ECP  A  will  exhibit  the  best  performance  due 
to  its  controlled  distribution  of  discrete  spatial  frequencies. 
ECP  F  was  included  in  the  testing  to  get  an  idea  of  the  behavior 
of  the  VTC  curve  when  scanning  a  relatively  uncontrolled  variety 
of  spatial  frequencies. 

A  general  plot  of  a  VTC-versus-N  curve  is  illustrated  in 
Figure  3.4.  To  fully  appreciate  the  information  presented  on 
this  and  similar  plots  to  follow,  a  few  details  deserve 
highlighting.  Recall  first  that  the  x  and  y  scales  represent 
integers;  each  unit  increase  in  N  corresponds  to  a  decrease  of 
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one  millivolt  in  the  threshold  level,  and  the  dependent  variable, 
VTC,  is  an  accumulation  of  black/white  transitions  along  one  line 
of  video  for  a  given  value  of  N.  Although  the  full  range  of  N  is 
depicted,  only  a  relatively  small  span  contains  pertinent 
information.  Therefore,  subsequent  plots  will  constrain  the 
N-axis  to  the  span  of  significant  VTC  information.  It  should 
also  become  apparent  that  the  span  of  N  containing  significant 
VTC  information  (subsequently  called  RV)  is  directly  correlated 
to  pel  swing;  larger  pel  swings  will  result  in  larger  spans  of 
RV,  as  illustrated  by  the  relationship  between  parts  (B)  and  (C) 
of  Figure  3.1.  This  feature  will  be  especially  useful  when 
comparing  various  plots.  As  for  the  vertical  axis,  VTC,  it  is 
emphasized  that  the  absolute  value,  while  interesting,  is  not 
nearly  so  significant  as  where  along  the  horizontal  axis  the 
PEAK  of  VTC  occurs.  As  an  example,  it  is  easy  to  see  that  ECP  B 
in  Figure  3.3  will  have  a  much  larger  overall  VTC  than  ECP  D 
simply  because  it  provides  more  black/white  transitions  per  video 
line.  This  however  does  not  mean  that  the  peak  of  ECP  B  will  be 
easier  to  detect.  Since  the  idea  is  to  work  with  digital 
information,  the  ATC  will  be  equally  capable  of  detecting  a  peak 
with  a  value  of  800  or  a  peak  with  a  value  of  200.  The  absolute 
value  of  the  peak  is  arbitrary.  The  important  information  is  the 
value  of  N  that  causes  the  peak,  because  it  is  that  value  of  N 
that  the  ATC  should  choose  for  its  optimum  threshold.  One  final 
property  of  these  plots  can  best  be  described  by  referring  to 
Figure  3.1.  When  N  equals  zero,  the  threshold  level  is  at  6.16 
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volts,  or  well  above  the  video  signal.  As  N  increases,  the 
voltage  threshold  level  decreases,  eventually  passing  through  the 
span  of  the  analog  video  signal.  On  the  basis  that  any  portion 
of  the  analog  video  signal  below  the  threshold  level  is  decoded 
as  white,  and  any  portion  of  the  analog  signal  above  the 
threshold  level  is  decoded  as  black,  it  can  be  seen  that,  when 
the  threshold  voltage  lies  between  6.16  volts  and  point  Q,  a 
portion  of  the  video  transitions  to  black  are  being  lost.  In 
other  words,  the  digitized  video  signal  contains  less  black 
information  than  it  should.  Conversely,  when  the  threshold 
voltage  is  between  point  Q  and  5.14  volts,  the  digitized  video 
signal  contains  less  white  information  than  it  should.  So,  when 
this  information  is  applied  to  the  VTC-versus-N  plot  in  Figure 
3.4,  the  values  of  N  to  the  left  of  the  VTC  peak  equate  to 
thresholds  that  give  lighter-than-optimum  copy,  and  values  of  N 
to  the  right  of  the  VTC  peak  equate  to  thresholds  giving 
darker-than-optimum  copy.  This,  of  course,  assumes  that  the  VTC 
peak  is  indeed  AT  the  optimum  threshold  N  value.  Figure  3.5 
illustrates  this  point  by  showing  scanner  reproductions  of  IEEE 
Facsimile  Test  Pattern  12  for  incremental  increases  of  N.  Note 
the  lack  of  black  information  with  the  smaller  values  of  N 
followed  by  lack  of  white  information  as  N  increases  beyond 
optimum. 

We  are  now  in  a  position  to  intelligently  analyze  the 
VTC-versus-N  plots  for  the  various  ECPs  to  see  if  an  optimum 
threshold  value  is  indeed  pinpointed  by  the  peak  of  the  VTC 
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curve.  Figures  3.6  to  3.12  contain  individual  plots  of  the 
various  ECPs.  In  Figure  3.6(A)  ECP  A  was  found  to  exhibit  the 
desired  characteristics  required  for  the  ATC.  The  peak  of  VTC 
was  well  defined  and  indeed  occurred  at  a  value  of  N  that 
produced  optimum  hard  copy  as  in  Figure  3.6(B).  Note  that  even 
in  the  copy  in  this  report,  (1)  the  capital  letters  in  the 
4-point  type  are  legible. 

When  scanning  a  single  discrete  spatial  frequency,  the 
analog  signal  will  be  very  nearly  sinusoidal  with  constant 
amplitude.  For  this  reason  the  number  of  black/white  transitions 
will  be  constant  in  the  span  of  significant  video  information. 
Accordingly,  constant-frequency  ECPs  B,  C,  and  D  in  Figure  3.3 
produced  predictable  plateau-type  curves.  These  curves  are  shown 
in  Figures  3.7  to  3.9.  The  peaks  for  some  undetermined  reason 
occurred  at  either  end  of  the  plateau  region,  but  intuitively  it 
can  be  concluded  that  these  peaks  were  not  precipitated  by  valid 
video  transitions.  When  hard  copy  was  produced  by  thresholds 
based  on  these  peaks,  the  results  were  as  anticipated:  either 
too  light  in  the  cases  of  ECPs  B  and  C,  or  too  dark  in  the  case 
of  ECP  D.  A  comparison  of  the  VTC  plots  of  these  three  ECPs  in 
Figure  3.10  provides  an  interesting  manifestation  of  the 

(1)  Subsequent  scanner  outputs  in  this  thesis  will  55  xerox 
reproductions  which  fail  to  do  complete  justice  to  the  actual 
scanner  hard-copy  output.  Therefore  in  some  cases,  scanner 
output  will  only  be  described  rather  than  included  for  viewing. 
Also  the  reader  should  be  aware  that  the  scanner  system  digitizes 
to  only  one  binary  level.  Hence,  gray  tones  in  the  IEEE  Test 
Chart  are  not  reproduced  as  such.  The  photograph,  for  example, 
(IEEE  Test  Pattern  15)  is  substantially  degraded  from  the 
original. 
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FIGURE  3*9  VTC-VERSUS-N  CURVE  FOR  ECP  D 
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reduction  in  RV  spans  with  increasing  spatial  frequency  due  to 
smaller  pel  swings.  And  with  increases  in  spatial  frequency,  the 
VTC  curves  naturally  are  higher  due  to  more  black/white 
transitions.  The  trend  exhibited  by  these  curves  provides  the 
probable  conclusion  that  if  an  ECP  were  available  containing  the 
Nyquist  frequency  of  100  line-pairs/inch,  it  would  most  likely 
produce  an  impulse-like  VTC  curve  centered  around  the  value  of  N 
providing  the  optimum  threshold  level. 

ECP  E  in  Figure  3.3,  due  to  its  constant  frequency  nature, 
also  yielded  a  plateau-shaped  curve.  See  Figure  3.11.  Its 
utility  was  no  better  than  the  other  discrete-frequency  ECPs.  On 
the  other  hand,  ECP  F  had  a  definable  peak  because  of  the  variety 
of  spatial  frequencies  present  (Figure  3.12),  but  its  usefulness 
was  marginal  since  the  actual  peak  information  was  occluded  by 
the  uncertainty  in  the  data.  Therefore,  ECP  A  is  obviously  the 
best  choice  as  a  CALIBRATION  PATTERN  for  the  ATC.  Figure  3.13 
presents  a  comparison  of  all  ECP  plots  as  a  convenience  to  the 
reader. 

When  the  behavior  of  ECP  A  plots  is  analyzed  with  respect  to 
other  variables,  further  insight  is  gained  to  the  robustness  of 
its  ability  to  select  the  optimum  threshold  value  based  on  the 
VTC  peak.  For  example,  Figure  3.14  shows  the  behavior  of  the  VTC 
curve  with  the  loss  of  one  fluorescent  light.  As  expected,  less 
light  causes  a  smaller  pel  swing  which  is  evidenced  by  comparing 
the  spans  of  N  in  the  two  curves.  Looking  more  closely,  one  can 
see  that  while  the  curves  begin  to  rise  at  almost  the  same  value 
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of  N  on  the  left,  they  return  to  zero  at  much  different  N-values 
on  the  right.  The  interpretation  is  thus:  In  the  analog  video 
signal,  different  amounts  of  light  cause  small  shifts  in  the 
black  signal  level  but  large  shifts  in  the  white  signal  level.  It 
can  also  be  seen  that  of  the  two  curves,  the  curve  resulting  from 
one  lamp  has  the  steeper  slopes  on  both  sides.  This  means  that 
an  increase  in  light  causes  a  more  dramatic  increase  in  pel  swing 
at  the  lower  spatial  frequencies  versus  the  higher  spatial 
frequencies.  But  by  far  the  most  important  result  is  that  both 
curves  display  an  obvious  peak;  one  that  will  v  i  chosen  by  the 
ATC  algorithm.  The  threshold  level  defined  by  the  two  peaks  were 
clearly  optimum  for  the  available  light,  as  judged  by  the  quality 
of  hard  copy  output.  (1) 

Figure  3.15  illustrates  similar  effects  with  different 
colors  of  paper.  Here  the  diminishing  pel  swing  and  increasing 
slopes  are  even  more  dramatic  with  the  darker  colors.  As  in 
Figure  3.14,  there  is  a  definite  shift  of  the  optimum  threshold 
value,  but  the  ATC  design  will  inherently  compensate  for  these 
shifts  and  continue  to  select  the  threshold  providing  the  best 
resolution.  (2)  Figure  3.16  consists  of  plots  using  fluorescent 
lights  with  various  spectral  contents.  The  conclusion  is  that 
among  the  colors  examined  —  green,  cool  white,  and  warm  white  — 
there  was  not  a  significant  difference  in  performance,  although 

(1)  Hard-copy  samples  resulting  from  single-lamp  illumination  are 
contained  in  Chapter  6. 

(2)  Scanner  output  of  the  IEEE  Test  Chart  on  red  background  is 
contained  in  Chapter  6. 
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the  warm  white  bulbs  did  appear  to  generate  a  slightly  larger  pel 
swing.  On  the  other  hand,  Figure  3.17  demonstrates  that 
fluorescent  lights  experience  a  certain  amount  of  degradation 
over  their  lifetime.  Once  again  the  ATC  will  compensate  for  this 
effect.  It  should  be  noted  that  fluorescent  lights  deteriorate 
in  a  non-uniform  manner  over  the  length  of  the  tube.  Deposits  on 
the  inner  walls  near  the  filaments  at  either  end  cause  excessive 
degradations  in  light  emission  at  the  ends,  resulting  in 
precisely  the  analog  waveform  illustrated  in  Figure  3.2(E). 

As  one  final  point,  note  that  the  curves  contain  a  small 
degree  of  uncertainty  rather  than  being  smooth.  It  is 
hypothesized  that  the  jitter  is  caused  at  least  in  part  by  the 
clocking  noise  in  the  scanner  circuitry.  Another  cause  could  be 
power  supply  fluctuations  producing  minor  deviations  in  the 
output  of  the  circuitry  generating  the  threshold  voltage.  The 
important  conclusion  is  that  while  the  general  shape  of  the  VTC 
curve  is  stable,  individual  plots  will  differ  by  some  small 
amount  as  illustrated  in  Figure  3.18,  which  shows  several  runs 
taken  under  identical  conditions.  In  this  instance,  extreme  care 
was  taken  to  insure  all  inputs  remained  constant,  and  yet  there 
was  still  a  small  degree  of  inconsistency  in  the  plots  taken. 
The  uncertainty  that  is  present  is  by  no  means  a  barrier  to  the 
proper  operation  of  the  ATC,  but  the  reader  must  be  aware  that 
the  DEGREE  of  uncertainty  in  the  VTC  curve  will  have  an  effect  on 
ATC  performance  especially  with  respect  to  the  VTC  sampling 
activities  detailed  in  Chapter  5. 
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CHAPTER  4 

AUTOMATIC  THRESHOLD  CONTROL  (ATC)  DESIGN 

A.  ATC  BLOCK  DESCRIPTION 

In  terms  of  Chapter  3,  the  goal  is  now  to  design  the 
necessary  hardware  to  expeditiously  pinpoint  the  threshold  value, 
N,  that  generates  the  maximum  number  of  black/white  transitions. 
With  the  CALIBRATION  PATTERN  producing  the  desired  analog 
signal,  the  THRESHOLD  CONTROL  UNIT  (Figure  4.1)  commands  the 
THRESHOLD  LEVEL  GENERATOR  to  set  a  series  of  tentative  threshold 
values  for  the  A-to-D  CONVERTER.  The  number  of  black/white 
transitions  produced  by  each  threshold  value  is  summed  by  the 
VIDEO  COUNTERS,  and  the  sum,  VTC,  is  correlated  by  the  THRESHOLD 
CONTROL  UNIT.  Once  all  threshold  values  in  the  series  have  been 
tested,  the  THRESHOLD  CONTROL  UNIT  locks  in  the  threshold  value 
that  produced  the  maximum  number  of  black/white  transitions. 

B.  CHOICES  FOR  IMPLEMENTATION 

Because  of  its  availability  and  inclusion  in  the  existing 
scanner,  it  was  a  logical  decision  to  use  the  F8  microprocessor 
as  the  THRESHOLD  CONTROL  UNIT  and  to  design  a  digital-to-analog 
circuit  as  the  THRESHOLD  LEVEL  GENERATOR.  The  VIDEO  COUNTERS 
provided  a  natural  interface  to  the  F8,  but  modifications  in  the 
video  A-to-D  section  were  required  to  upgrade  the  digital  video 
signal  to  the  quality  required  for  accurate  counting.  The  actual 
design  details  are  covered  in  the  next  section. 
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C.  CIRCUIT  MODIFICATIONS 

1.  DIGITAL  THRESHOLD  LEVEL  GENERATOR  (TLG) 

The  existing  scanner  used  a  potentiometer  buffered  by  a 
unity-gain  741  operational  amplifier  for  manually  setting  the 
threshold  level.  See  Figure  4.2.  This  circuit,  which  included  an 
LM311  comparator  as  the  A-to-D  converter,  was  located  on  the 
TIMING  &  PROCESSING  circuit  board.  It  was  removed  entirely  and  is 
documented  in  Appendix  E.  A  primary  theme  in  the  design  of  the 
new  TLG  was  flexibility.  That  is,  the  circuit  was  constructed  in 
such  a  way  to  allow  for  future  alterations  in  voltage  ranges  and 
sensitivity  for  experimental  purposes.  The  first  consideration 
was  the  voltage  range  of  the  threshold  level.  In  Chapter  2,  it 
was  found  that  the  video  information  was  within  a  span  of  5.3  to 
5.6  volts.  Changes  in  the  video  signal  were  of  the  order  of  10 
to  300  millivolts.  Therefore,  the  TLG  had  to  be  able  to  resolve 
millivolts  in  the  5.3  to  5.6-volt  range.  A  10-bit  (1024-step) 
D-to-A  converter  was  selected  which  would  give  a  sensitivity  of 
less  than  a  millivolt/digital  step  over  a  range  of  one  volt. 
Additional  circuitry  had  to  be  added  to  the  D-to-A  converter  to 
provide  the  necessary  DC  offset.  Refer  to  Figure  4.3.  The  TLG 
consists  of  U1  through  U6  with  U4  providing  the  threshold  output 
voltage,  VO.  U1  is  an  AD7533  D-to-A  converter  using  an  R-2R 
ladder  network  described  in  Appendix  A,  and  U2  is  a  741 
operational  amplifier  used  as  a  unity-gain  buffer.  The  output  of 
U2  is  given  as: 

V2  =  -Vref (N/1024)  (1) 
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where  N  is  the  decimal  equivalent  of  the  10-bit  binary  input  from 
the  F8  to  Ul  through  pins  4  through  13,  and  Vref  is  controlled  by 
RIO  and  buffered  with  unity-gain  op  amp  U3.  Since  op  amp  U4  is 
also  a  unity-gain  buffer,  VO  can  be  expressed  as  a  function  of 
the  voltage  division  between  Vref  and  V2: 


VO  =  (R3  x 

V2 )  + 

(R2  x 

Vref) 

(2) 

(R2  + 

R3 ) 

Eliminating 

[  V2,  we  have: 

VO  =  Vref  F  R2  \  - 

I  R3 

.)  (  D  ] 

(3) 

JR2+R3/ 

\R2+R3 

1  11024/ 

Therefore , 

resistors  R2,  R3, 

and 

RIO  control 

the  width  and 

placement 

of  the  range  of 

the 

TLG. 

From 

Equation  (3),  a 

particular 

range  (VOmin  to  VOmax)  for  the  TLG  can 

be  established 

with  the  following  procedure: 


l 


1.  Determine  values  of  VOmin  and  VOmax. 

2.  Arbitrarily  select  a  nominal  value  for  R2  in  the  range  IK  to 
10K  ohms. 

3.  Calculate  R3  for  the  R2-R3  voltage  divider  by: 

R3  =  R2 ( 1  -  (VOmin /VOmax) ) 

4.  Calculate  Vref  by:  Vref  =  (2  x  VOmax)  -  VOmin 

5.  Set  Vref  by  adjusting  RIO. 

As  an  alternative,  the  graphs  implementing  Equation  (3)  in 
Figures  4.4  and  4.5  can  be  used  as  an  aid  to  the  calculations. 
The  voltage  range  of  the  TLG  used  for  this  report  was  5.14  to 
6.16  volts  giving  a  sensitivity  of  1  millivolt/digital  step. 
This  choice  is  realistic  and  makes  the  results  of  the  other 


Page  67 


0.6 


0.7 


0.8 


0.9 


.5 


1.  ENTER  WITH  VOLTAGE  RATIO  VOm* 

.  V0«o» 

2.  TRAVEL  VERTICALLY  TO  DESIRED  R2 
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FIGURE  -4.-4  GRAPH  FOR  CALCULATING  R3 
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chapters  particularly  simple  to  interpret. 

2.  VIDEO  A-TO-D  DESIGN 

Referring  again  to  the  scanner's  original  video  A-to-D 
circuit  in  Figure  4.2,  the  response  of  this  circuit  to  the 
highest  spatial  frequencies  was  found  to  be  rather  slow  (3.03 
microseconds)  due  to  the  size  of  the  pull-up  resistor,  Rp.  While 
this  was  adequate  for  the  existing  design  and  in  fact  helped 
prevent  clock  noise  feed-through,  it  was  found  that  the 

performance  was  inadequate  as  a  clocking  input  to  the  VIDEO 
COUNTERS.  Therefore  in  the  re-design  of  the  video  A-to-D 

circuit,  Rp  was  changed  to  560  Ohms  giving  a  rise  time  of  332 
nanoseconds.  This  allowed  the  circuit  to  more  faithfully 
digitize  the  spatial  frequencies  up  to  the  Nyquist  rate.  This 

feature  was  essential  so  the  VIDEO  COUNTERS  could  record  the 

black/white  transitions  of  all  the  spatial  frequencies. 
Unfortunately  with  the  smaller  Rp,  unwanted  clock  noise  was  now 
passing  through  the  one-stage  comparator  circuit,  which  would 
have  been  disastrous  for  the  VIDEO  COUNTERS.  Therefore  a  second 
LM311  with  a  constant  threshold  of  2.5  volts  was  cascaded  with 
the  first  LM311  to  effectively  bar  the  clock  noise  from 
triggering  spurious  counts  in  the  VIDEO  COUNTERS.  The  revised 
video  A-to-D  circuit  consists  of  comparators  U7  and  Ull  in  Figure 
4.3. 

3.  DIGITAL  VIDEO  COUNTER  STAGES 

The  VIDEO  COUNTERS,  consisting  of  U8  and  U9  in  Figure  4.3, 
were  rather  simple  to  implement  once  the  digital  video  signal  had 
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been  upgraded.  Dual,  4-bit,  binary,  asynchronous  counters  served 
the  purpose  adequately,  making  16  bits  available  with  minimal 
hardware.  As  a  precaution,  the  digital  video  is  gated  to  the 
counters  by  the  signal  PRINTLINE  to  insure  only  valid  video 
transitions  are  recorded. 

4.  F8  HARDWARE  INTERFACE  REQUIREMENTS 

To  use  the  F8  as  the  THRESHOLD  CONTROL  UNIT,  I/O  ports  had 
to  be  made  available  for  data  transfer.  The  existing  ports  (4, 
5,  8,  and  9)  were  already  being  used  for  scanner  coordination 
with  the  hard  and  soft  copy  printing  devices.  (1)  The  threshold 
control  requirements  could  have  been  implemented  through  these 
ports,  but  it  would  have  taken  considerable  multiplexing  and 
hardware  design.  Fortunately  the  research  completed  by  Medley 
(2)  included  the  addition  of  four  new  I/O  ports  (10,  11,  12,  and 
13)  to  the  F8  system.  So  the  only  requirement  to  make  these  I/O 
ports  available  for  use  was  to  complete  the  wiring  to  a 
compatible  connector.  Details  are  contained  in  Appendix  E. 

5.  COMBINED  THEORY  OF  OPERATION 

During  the  period  that  the  optimum  threshold  is  being 
sought,  the  circuitry  of  Figure  4.3  operates  in  the  following 
manner.  A  value  of  N  generated  by  the  THRESHOLD  CONTROL  UNIT 
(F8 )  is  applied  to  pins  4  through  13  of  Ul.  The  voltage 
threshold  value  VO  is  obtained  from  the  division  between  Vref  and 
V2  by  resistors  R2  and  R3.  The  voltage  threshold  level,  with  the 

(1)  See  Aghamohammadi ,  Chapter  7. 

(2)  Reference  Chapter  7. 
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degree  of  hysteresis  controlled  by  Rll,  is  applied  to  the 
non-inverting  input  of  U7  while  the  analog  video  signal  from  the 
CCD  is  applied  to  the  inverting  input.  The  digitized  video  is 
then  fed  through  a  non-inverting  comparator  stage  provided  by  Ull 
with  threshold  fixed  at  2.5  volts  to  help  remove  digitized  clock 
noise.  The  clean  digital  video  is  then  gated  by  PRINTLINE 
through  U10  into  cascaded  counters  U9  and  U8.  For  a  given  line 
of  video,  the  number  of  black/white  transitions  in  the  digital 
video  signal  can  be  read  from  the  counters  to  ports  10  and  11  of 
the  F8.  Once  the  optimum  threshold  has  been  found,  the  value  is 
loaded  to  ports  12  and  13  and  valid  digitized  video  passes  off 
the  board  via  pin  C  for  synchronization  and  hard-copy  printing. 
The  outputs  of  U8  and  U9  are  now  ignored. 

6.  SCANNER  CIRCUIT  BOARD  RELOCATIONS 

During  the  course  of  this  project,  inter-circuit 
interference  due  to  clocking  noise  and  physical  separation  of 
several  critical  circuit  boards  degraded  system  performance  to 
the  extent  that  several  circuit  boards  had  to  be  moved  in  order 
to  shorten  the  connections  containing  critical  signals.  These 
relocations  are  documented  in  Appendix  E. 
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CHAPTER  5 

SAMPLING  ALGORITHMS 

In  this  chapter,  the  procedures  for  finding  the  VTC  peak  are 
discussed  in  detail.  The  purpose  of  this  phase  of  research  was 
to  design  a  method  whereby  the  THRESHOLD  CONTROL  UNIT  could,  in 
the  most  efficient  manner  possible,  search  the  entire  range  of 
possible  threshold  values,  [N  =  0  to  N  ■  1024],  and  find  that 
value  of  N  corresponding  to  the  peak  of  the  video  transition 
count,  VTC.  The  major  constraint  on  this  design  was  to  keep  the 
algoritnm  simple  enough  to  be  easily  implemented  on  the  Ft* 
microprocessor.  At  one  extreme,  the  algorithm  could  entail 
stepping  through  every  value  of  N  and  doing  a  simple  comparison 
of  the  present  value  of  VTC  and  the  maximum  preceding  value  of 
VTC  (called  MTC)  to  find  the  VTC  peak.  In  fact  this  method  was 
used  in  gathering  the  data  for  Chapter  3.  The  obvious  drawback, 
however,  in  implementing  this  procedure  in  an  operational  scanner 
system  is  the  fact  that,  since  each  sample  requires  one  scan  line 
of  video,  a  total  of  1024  video  lines  would  have  to  be  dedicated 
to  thresholding.  With  the  scanner  on  the  move,  that  means  the 
CALIBRATION  PATTERN  would  need  to  be  over  five  inches  wide!  One 
can  immediately  see  a  way  to  decrease  the  number  of  video  lines 
by  recognizing  that  only  a  certain  span  of  N  (labeled  RV  in 
Chapter  3)  contains  significant  VTC  information  worth  sampling. 

(1)  Recall  from  Figure  3.1  that  when  N  ■  0,  the  voltage  threshold 
level  is  greater  than  the  analog  video  signal  which  prevents  any 
digital  encoding  of  the  video  information.  VTC  therefore  is  zero 
until  the  threshold  encounters  the  span  of  significant  analog 
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(1)  Since  the  analog  video  information  generally  covers  a  span 
of  200  to  300  millivolts,  and  each  incremental  change  in  N 
equates  to  a  one-millivolt  shift  in  the  threshold  level,  the 
total  number  of  video  lines  required  could  be  reduced  to  around 
200  to  300.  The  width  of  the  CALIBRATION  PATTERN  now  must  be  1 
to  1.5  inches  which  is  still  unacceptably  large.  At  the  same 
time  the  range  of  N  sampled  is  dangerously  small,  which  would 
limit  the  ATC’s  ability  to  adapt  to  drastic  changes.  So  the 
research  centered  on  finding  a  feasible  algorithm  that  could 
cover  the  largest  range  of  N  in  the  least  number  of  samples.  The 
algorithm  explored  for  implementation  with  the  ATC  is  detailed 
below. 

A.  SUCCESSIVE  APPROXIMATION 

Under  the  assumption  that  the  VTC-versus-N  curve  to  be 
sampled  is  relatively  smooth  and  has  the  general  shape  of  Figure 
3.1(C),  a  fairly  straightforward  approach  can  be  used  to  pinpoint 
the  VTC  peak.  When  the  automatic  thresholding  sequence  is 
initiated,  the  idea  is  to  start  with  a  large  step  size 
(increments)  for  N  and  take  a  small  number  of  VTC  samples  over 
the  entire  range  of  N,  [0  to  1024).  This  will  be  called  the  first 
pass.  Since  keeping  the  step  size  a  binary  multiple  greatly 
simplifies  programming,  the  initial  step  size,  SI,  was  chosen  as 
128.  Referring  to  Figure  5.1,  we  see  that  this  divides  the  range 
[0  to  1024]  into  eight  segments.  For  reasons  that  will  soon 

signal .  VTC  will  again  be  zero  once  the  threshold  level  is  less 
than  the  smallest  value  of  the  analog  signal. 
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become  apparent,  the  end  points,  N  =  0  and  N  =  1024,  are  ignored, 
and  seven  samples  of  VTC  are  taken  beginning  at  N  =  128.  For 
those  samples,  the  value  of  N  giving  the  maximum  VTC,  called  Np, 
becomes  the  middle  of  a  new  range,  R,  to  be  sampled  with  the  end 
points  defined  as  (Np-Sl)  and  (Np+Sl),  as  shown  in  Figure  5.2. 
Note  that  R  =  2  x  SI.  The  new  range  R  is  now  divided  into  eight 
segments  by  using  a  new  step  size,  S2,  which  turns  out  to  be 
equal  to  Sl/4.  Again  end  points  are  ignored  and  seven  samples 
are  taken  at  the  points  shown  in  Figure  5.2.  (1)  Repeating  the 
procedure  to  the  limit,  it  can  be  seen  from  Figures  5.3  and  5.4 
that  a  total  of  four  passes  or  28  video  lines  are  required  to 
pinpoint  the  VTC  peak  within  one  millivolt.  With  each  video  line 
being  0.05  inch  wide,  the  procedure  requires  0.14  inch  of 
CALIBRATION  PATTERN  to  find  the  optimum  threshold  value.  This 
width  is  considered  to  be  acceptable  in  the  context  of  the  amount 
of  margin  of  the  original  document  required  for  threshold-setting 
purposes. 

The  complete  algorithm  summarizing  the  above  procedure  is 
flowcharted  in  Figure  5.5.  Block  1  initializes  the  necessary 
registers  for  the  overall  algorithm,  and  Block  2  initializes  the 
video  line  counter  for  each  new  pass  of  7  video  lines.  Blocks  3 


(1)  Notice  that  in  this  case,  the  end  points  were  sampled  in  the 
first  pass  and  therefore  do  not  need  to  be  re-sampled  in  the 
second  pass.  Although  the  discarded  endpoints  of  the  second  pass 
(N  *  256  and  N  ■  512)  do  not  provide  an  exact  analogy  to  the 
discarded  endpoints  of  the  first  pass  (N  *  0  and  N  *  1024),  it  is 
still  easy  to  see  that  excluding  N  ■  0  and  N  *  1024  does  not 
preclude  the  segments  [0  to  128]  or  [896  to  1024)  from  being 
sampled  in  a  subsequent  pass  if  necessary.  In  this  manner,  each 
pass  consists  of  identical  procedures. 
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through  7  are  executed  for  every  line  of  video.  In  Block  3  the 
VIDEO  COUNTERS  of  Figure  4.1  are  set  to  zero,  and  in  Block  4,  N 
is  incremented  by  the  existing  step  size.  When  PRINTLINE  goes 
active  signifying  valid  video  is  being  transmitted,  the  digital 
black/white  transitions  are  counted  in  Block  5.  (1)  At  the  end 
of  the  video  line,  the  number  of  black/white  transitions  obtained 
is  subtracted  from  the  previous  maximum  number  of  transitions. 
If  the  result  is  negative,  this  means  that  the  VTC  just  obtained 
is  greater  than  any  VTC  previously  obtained.  Therefore  this 
value  of  VTC  is  retained  in  MTC  as  the  new  maximum  transition 
count  encountered  thus  far,  and  the  value  of  N  producing  this 
maximum  VTC  is  also  saved.  Block  7  counts  the  number  of  video 
lines  taken  in  a  particular  pass,  and  the  flow  is  transferred 
back  to  Block  3  until  the  7  lines  of  one  pass  have  been 
completed.  For  each  new  pass,  Block  8  adjusts  the  starting  value 
of  N  for  the  new  range  to  be  sampled,  alters  the  step  size,  and 
keeps  track  of  the  number  of  passes  executed.  At  the  end  of  the 
fourth  pass,  Block  9  loads  the  N  value  that  produced  the  overall 
maximum  VTC  into  the  Threshold  Level  Generator.  This  threshold 
value  is  used  for  the  entirety  of  the  page  being  scanned.  The 
algorithm  as  presented  is  called  QSET1 ,  and  computer  simulations 
of  QSET1  on  actual  VTC  curves  are  detailed  in  Appendix  C. 


( 1 )  It  is  important  in  understanding  the  sequencing  and  timing  of 
the  algorithm  that  Block  5  is  the  only  block  that  is  executed 
during  the  transmission  of  valid  video  information  as  depicted  in 
Figure  2.1(B).  All  remaining  blocks  are  executed  in  the 
•latively  short  time  gap  between  successive  video  lines. 
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B.  SAMPLING  CONSIDERATIONS 


Of  prime  importance  in  utilizing  a  sampling  technique  such 
as  QSET1  is  proper  consideration  of  the  initial  step  size,  SI. 
Specifically,  if  the  range  of  valid  VTC  information,  RV,  is  less 
than  SI,  then  it  is  possible  for  all  valid  VTC  information  to 
reside  between  samples  of  the  first  pass  as  in  Figure  5.6.  The 
only  instances  where  the  range  RV  was  found  to  be  less  than  128 
using  ECP  A  were  with  one-lamp  illumination  and  with  the  darker 
paper  colors:  orange,  red,  green,  brown,  and  blue.  (Remember 
that  f-stop  =  5.6  was  used  throughout  the  research.)  Still,  in 
these  cases,  the  algorithm  has  the  potential  of  breaking  down  in 
its  search  for  the  VTC  maximum.  (1) 

The  three  alternatives  to  solving  the  problem  of  dealing 
with  a  small  span  of  VTC  information  are  to  either  change  the 
voltage  range  of  the  TLG,  implement  a  different  sampling 
algorithm,  or  modify  the  parameters  of  the  QSET1  algorithm.  To 
maintain  a  basis  for  reference  throughout  this  research,  the  TLG 
voltage  range  was  not  altered  although  in  practice  this  might  be 
the  most  reasonable  solution.  Different  sampling  algorithms  were 
also  considered  but  rejected  due  to  the  additional  programming 
complexity  involved.  Therefore  due  to  the  simplicity  of 
implementation  with  a  microprocessor,  the  latter  alternative  was 

(1)  Itshould  now  be  clear  why  a  single- frequency  CALIBRATION 
PATTERN  at  the  Nyquist  rate  is  not  a  good  choice  as  implied  in 
Chapter  3.  The  resultant  impulse-like  VTC  curve  having  a  very 
small  RV  would  require  a  prohibitively  small  initial  step  size, 
SI,  to  detect. 


FIGURE  5.<S  VTC  CURVE  PRODUCED  FROM  SCAN¬ 
NING  ECP  A  ON  A  RED  BACK¬ 
GROUND,  <  VTC  CURVE  IS  NEVER 
FOUND  BY  GSET1  BECAUSE  RV 
FALLS  BETWEEN  SAMPLES 
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preferred  for  rectifying  the  problem.  Working  within  the 
framework  of  QSET1,  the  challenge  becomes  one  of  decreasing  the 
initial  step  size,  SI,  with  minimal  penalties.  Of  all 
experimental  observations  using  ECP  A,  the  smallest  span  of  N 
over  which  all  VTC  values  were  generated  was  RV  =  67,  resulting 
from  navy  blue  paper.  So  one  possibility  is  to  choose  SI  =  64, 

dividing  the  range  [0  to  1024]  into  16  segments,  and  collecting 
15  samples  on  the  first  pass.  Maintaining  15  samples  on 
subsequent  passes  results  in  three  passes  required  in  all,  or  45 
lines  of  video  to  set  the  optimum  threshold.  Subsequent  step 
sizes  would  be  obtained  by  dividing  by  8: 

52  =  Sl/8  =  8 

53  *  S2/8  =  1 

Another  possibility  is  to  choose  SI  *  64  but  only  collect  7 

samples  per  pass  as  QSET1  prescribes.  This  requires  the  initial 
sampling  range  to  be  cut  from  1024  to  512  samples.  Maintaining  7 
samples  per  pass  results  in  four  passes,  or  a  total  of  28  video 
lines  required.  Subsequent  step  sizes  are  obtained  as  in  QSETl: 

52  =  Sl/4  =  16 

53  =  S2/4  «  4 

54  =  S3/4  =  1 

In  an  effort  to  preserve  the  small  number  of  video  lines  used  by 

QSETl,  the  latter  option  was  chosen.  The  major  compromise  was 
the  halving  of  the  overall  range  of  N  to  be  sampled.  The  impact 
of  this  compromise  was  minimized  by  using  the  knowledge  of  the 
behavior  of  the  analog  video  signal  to  select  the  starting  and 
ending  values  of  the  sampling  range  as  N  *  128  and  N  ®  640. 
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Implemented  in  the  algorithm,  QSET2,  these  choices  produced 

robust  performance  throughout  the  range  of  abnormal  paper  colors 

and  lighting  conditions.  The  flowchart  for  QSET2  is  identical 

to  that  of  QSET1  in  Figure  5.5  except  for  Block  1  which  becomes: 

MTC  <-  0 
N  <-  128 
STEP  *-  64 
MAINCOUNT  *-  0 

Another  sampling  consideration  deals  with  the  performance  of 
the  QSET  algorithm  with  VTC  curves  having  peaks  that  are  less 
well-defined.  The  primary  factor  that  can  cause  an  obscuration 
of  the  actual  VTC  peak  is  the  uncertainty  discussed  in  Chapter  3 
and  depicted  in  Figure  3.18.  As  long  as  the  degree  of 
uncertainty  is  relatively  small,  as  is  the  case  with  ECP  A  in 
Figure  3.6(A),  the  algorithm  is  quite  successful  in  locating  the 
peak.  But  if  the  uncertainty  is  a  significant  component  of  the 
VTC  curve  as  in  Figure  3.12,  the  results  of  the  algorithm  search 
are  not  as  consistent;  the  final  N  value  produced  by  the 
algorithm  becomes  more  a  function  of  how  the  samples  fall  along 
the  VTC  curve.  These  effects  are  covered  more  extensively  in 
Appendix  C. 

C.  INCORPORATION  WITH  SCANNER  PRINT  SEQUENCE 


Once 

the 

QSET 

algorithm  was 

perfected, 

the  next  step 

consisted 

of 

adding 

the  necessary 

software  to 

the  F8  program, 

EOPS  (electro-optical  page  scanner).  Since  all  pertinent  F8 
source  codes  are  contained  in  Appendix  B,  the  discussion  here 
will  be  restricted  to  the  block  level.  Figure  5.7  is  a 
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simplified  flowchart  of  the  existing  scanner  algorithm.  As 
stated  in  Chapter  3,  placement  of  the  CALIBRATION  PATTERN  in  the 
left-most  margin  allows  the  first  lines  of  video  to  provide  the 
necessary  information  for  threshold-setting  purposes.  Therefore 
it  was  necessary  for  the  ATC  sequence  to  be  located  between 
Blocks  4  and  5  of  Figure  5.7  in  order  to  catch  the  first  lines  of 
valid  video.  This  configuration  also  turned  out  to  be  the  most 
advantageous  in  terms  of  software  modifications  required.  With 
Block  4a  included  in  the  flow,  the  sequence  of  scanning  a 
document  now  becomes: 

1.  After  positioning  the  document,  the  operator  pushes  the 
scanner  start  button. 

2.  A  start-up  delay  of  just  over  1.5  seconds  is  initiated  which 
allows  the  fluorescent  lights  to  preheat  and  the  phase-locked 
loop  motor  control  to  stabilize.  This  delay  is  accomplished 
by  counting  a  preset  number  of  pulses  generated  by  the 
phase-locked  loop  rate-feedback  wheel.  Video  information  is 
ignored  during  this  time  because  of  the  status  of  the  signal 
PRINTLINE. 

3.  At  the  termination  of  the  start-up  delay,  PRINTLINE  goes 
active,  signalling  that  valid  video  is  now  available. 

4.  The  automatic  threshold-setting  sequence  begins  and  uses  28 
video  lines  to  establish  the  optimum  threshold  level. 

5.  Once  the  optimum  threshold  is  locked  in,  the  VIDEO  LINE 
COUNTERS  are  set  to  1700,  giving  a  page  width  of  8.5  inches 
(200  lines/inch). 

6.  As  the  video  lines  are  shot,  they  are  printed  in  real  time 
with  the  F8  providing  the  necessary  pacing  for  the  printer. 

7.  When  1700  lines  have  been  read,  the  printer  is  shut  down 
automatically,  and  the  F8  software  resets.  The  scanner 
mechanical  assembly  is  retracted  to  its  starting  point  upon 
activation  of  a  limit  switch  beyond  the  right-most  margin. 


For  future  research  purposes,  two  new  versions  of  EOPS  were 
produced.  EOPS1,  containing  QSET1,  provides  ATC  that  samples  the 
entire  range  of  N,  [0  to  1024].  EOPS 2 ,  containing  QSET2 , 
provides  ATC  that  samples  the  range  of  N,  [128  to  640]. 
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CHAPTER  6 

CONCLUSIONS  AND  RECOMMENDATIONS 

A.  GENERAL  RESULTS 

The  performance  of  the  scanner  with  automatic  threshold 
control  was  considered  to  be  excellent,  especially  in  the  context 
of  proving  the  validity  of  the  ATC  concept  that  was  developed. 
Xerox  copies  of  scanner  printouts  are  contained  in  this  chapter, 
and  if  degradation  due  to  xeroxing  is  ignored,  the  results  are 
very  good.  Figures  6.1  to  6.5  represent  consecutive  scanner 
outputs  of  the  same  image  with  the  automatically-chosen  threshold 
value  noted.  Due  to  the  uncertainty  discussed  in  Chapter  3,  each 
threshold  value  is  somewhat  different.  Still,  it  can  be  seen 
that  every  copy  possesses  a  high  degree  of  quality,  thereby 
demonstrating  the  consistency  of  the  ATC.  Observe,  for  example, 
the  legibility  of  the  6-point  type  at  the  lower  left  of  each 
reproduction  of  the  IEEE  Test  Chart.  Microscopic  inspection  of 
these  scanner  outputs  revealed  resolutions  very  close  to  200 
lines/inch. 

Figures  6.6  to  6.8  were  produced  with  EOPS2  and  only  one 
fluorescent  light  providing  illumination.  Even  under  the 
degraded  lighting  conditions,  the  ATC  was  able  to  select  the 
optimum  threshold  and  produce  a  very  acceptable  output.  Again 
note  the  6-point  type  in  Figure  6.7  is  quite  readable. 

Figure  6.9  is  the  result  of  scanning  a  transparency  of  the 
IEEE  Facsimile  Test  Chart  with  red  paper  as  a  background.  Again 
the  threshold  level  chosen  was  considered  the  best  possible  under 
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these  conditions.  This  was  by  far  the  most  demanding  test  of  the 
ATC  because  total  pel  swing  of  the  analog  signal  was  less  than  80 
millivolts  and  the  threshold  level  obtained  still  produced 
legible  copy. 

Figures  6.10  to  6.13  represent  other  document  selections  for 
evaluating  the  Automatic  Threshold  Control  from  a  subjective 
standpoint.  Figure  6.10  needs  no  comment,  but  Figures  6.11  and 
6.12  represent  fairly  difficult  text  for  scanner  reproduction. 
Notice  the  excellent  scanner  performance  with  these  documents. 
The  original  used  to  produce  Figure  6.13  was  a  magazine 
advertisement  with  a  very  dark  brown  background  and  white  print. 
Although  the  graphics  cannot  be  interpreted,  a  majority  of  the 
print  is  legible. 

A  few  points  should  be  discussed  concerning  the  actual 
limitations  of  the  scanner/printer  combination  when  evaluating 
the  scanner's  output.  The  first  point  concerns  the  observed 
resolution  capability  of  the  system.  Although  the  scanner  can 
detect  resolutions  up  to  200  lines/inch,  (1)  the  electrostatic 
printer  used  to  produce  hard  copy  will  not  faithfully  reproduce 
this  resolution  due  to  the  overlapping  stylii.  As  illustrated  in 
Figure  6.14,  a  resolution  of  200  lines/inch  will  actually  have 
more  black  than  white  resulting  in  a  small  amount  of  degradation 
in  the  output.  Patterns  approaching  200  lines/inch  will  appear 

(1)  Recall  that  resolution  is  measured  Hi  lines/inch  while 
spatial  frequency  is  measured  in  line-pairs/inch.  This  means 
there  is  a  2-to-l  correlation  between  resolution  and  spatial 
frequency.  Therefore  the  CCD  Nyquist  rate  theoretically  can 
produce  a  resolution  of  200  lines/inch. 
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the  ndtral  RMtm  Board  oould.  If  it  choee,  acme what  aaaa  tha  pa  la  oC 
■oca  bttaiaaas  falluraa  by  flooding  tba  financial  ays  tan  with  monay.  M  do  not 
baliave  that  they  will  ebooao  thin  couraa.  Tha  nation  haa  eona  a  long  wap  in 
winding  down  inflationary  aqpaetatlona  and  tha  rad  ia  unlikely  to  give*  up  tha 
fight  now.  we  baliava  they  understand  that  a  critical  weapon  in  tha  battle 
against  inflation  ia  tha  reintroduotion  of  "risk"  into  tha  aoononic  :sydtaau 
Exceasiva  aonatary  growth  and  assured  corporate  bail-outs  do  not  eacodragfc 
prudent  buainasa  planning.  Rather,  it  fosters  tha  lxmodarata  uaa  of  horoowaft 
funds  and  tha  belief  that,  in  tha  long  run,  tha  ability  to  raiaa  prices  will, 
subsequently  ‘justify  buying  extra  inventory  or  paying  excessive  wage  demands. 
If  the  rad  sticks  to  its  guns,  business  will  have  to  learn  bow  to  operate  with 
»  totally  different  philosophy.  For  none,  the  lesson  will  be  learned  toe  late. 

what  else  can  we  look  for?  Certainly,  capital  .  spending  plans  brill 
continue  to  be  pared  back.  The  latest  McGraw-Hill  survey  of  capital  fpeijdingr 
plans  for  1962  pointed  to  a  3.9%  dollar  increase,  representing  a  4  B/2* 
decline  in  actual  physical  outlays.  Six  aonths  ago,  spending  plans  called  for 
a  1982  advance  of  9.6%.  Coaswrce  Department  surveys  have  also  suggested  a 
scaling  back  of  capital  spending  intentions,  we  think  the  process  sdill  has: 
further  to  go.  We  expect  capital  spending  to  be  the  weakest  sector  of  the 
economy  until  well  into  1983  and  perhaps  for  even  longer  if  the  leccnoap 
"triple  dips"  in  early  1983  as  we  think  possible. 

Operating  expenses  also  get  cut  back  when  profits  are  under  psesssre. 
The  unemployment  rate  nay  not  have  topped  out  yet  although  we  suspect  it: 

doesn't  have  too  much  further  to  go.  Wage  "givebacks"  have  characterttseC 
labor  negotiations  in  the  depressed  cyclical  industries.  Over  the  next  few 
months  we  expect  the  business  media  to  be  rife  with  stories  about  white  cellar 
layoffs  and  executive  salary  cuts.  Goodrich,  for  example,  recently  announce* 
that  its  top  management  would  take  a  15%  salary  cut  while  other  executives  an* 
salaried  employees  making  more  than  $20,000  a  year  would  take  reductions, 

ranging  from  5%  to  10%. 

We  also  look  for  a  continuation  in  the  surge  of  dividend  cuts  as 

corporations  scramble  to  retain  cash.  According  to  standard  a  poor's,  'through, 
the  first  4  aonths  of  1982,  158  companies  decreased  or  omitted  their  dlvUBen* 
payments,  sore  than  twice  the  number  of  companies  who  took  similar  action  Bast: 
year,  in  recent  aonths,  dividend  casualties  included  such  companies  as 

inland  and  Republic  8  teal,  Reynolds  Metals,  Sun  Electric,  Ohaafeiom. 
international,  Harniacfafeger  and  Man  villa.  Another  source  of  corporate  Bash 
is  the  sale  of  assets.  Dona  Petroleum  and  Znoo,  among  others,  have  secwitly 
announced  such  plans.  Chrysler  and  international  Harvester,  of  course,  havw 
sold  off  large  and  profitable  divisions.  More  such  moves  wiU  follow. 

Ha  have  painted  a  rather  grim  picture  of  the  financial  strains  on  the 
economy.  The  reliquef  lost  ion  process  is  far  from  ceeplete,  a  factor  i*lcfc 
will  serve  to  slow  the  recovery  process.  Thus,  for  this  and  other  seasons, 
our  investment  posture  with  regard  to  equities  has  been  selective  an* 
opportunistic  within  a  generally  cautious  framework.  Companies  with  Mound 
balance  sheets  and  wall-assured  prospects  of  unit  growth  could  do  surprisltnglr 
well  ia  a  restrictive  economic  environment.  Moreover,  Airing  uncertain  times, 
soma  stocks  get  down  to  extraordinarily  attractive  prices  in  terms  c*  their 
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6 


to  have  less  white  content  than  they  should.  This  characteristic 
should  be  kept  in  mind  when  evaluating  the  resolution  of  the 
scanner  output  with  the  IEEE  Facsimile  Test  Chart. 

The  next  point  deals  with  the  hysteresis  included  in  the 
video  A-to-D  converter  as  an  additional  measure  to  prevent  clock 
noise  feed-through.  The  hysteresis  was  experimentally  set  at  a 
level  that  allows  all  spatial  frequencies  to  be  digitized  under 
normal  lighting  conditions  and  pastel  paper  colors.  However  when 
abnormal  conditions  reduce  the  magnitude  of  the  analog  video 
signal,  the  pel  swing  from  the  highest  spatial  frequencies  are 
too  small  to  overcome  the  hysteresis  barrier.  This  effect  can  be 
most  easily  seen  with  IEEE  Test  Pattern  12  in  Figures  6.6  to  6.9. 
Distortion  due  to  hysteresis  is  characterized  by  a  "streaked"  or 
"f illed-in"  appearance  at  the  affected  spatial  frequencies. 

The  last  point  pertains  to  the  effect  of  non-uniform 
illumination.  As  established  in  Chapter  3,  the  ATC  will  average 
any  light  irregularities  and  select  the  threshold  level  giving 
the  highest  resolution  over  the  largest  portion  of  the  page. 
This  feature  of  the  ATC  can  be  viewed  in  Figures  6.11  and  6.12. 
These  two  copies  were  produced  with  fluorescent  tubes  that  had 
become  blackened  on  the  ends  due  to  wear  and  tear.  The  ATC  still 
reproduces  a  majority  of  the  page  faithfully  with  only  the  bottom 
of  Figure  6.11  and  top  of  Figure  6.12  being  degraded  because  of 
insufficient  light. 
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B.  CONCLUSIONS 

In  summary,  the  method  produced  from  this  research  for 
automatically  selecting  the  voltage  threshold  level  proved  to  be 
successful.  The  advantages  of  the  ATC  are  many.  First, 
substantial  savings  in  time,  energy,  and  resources  are  realized 
over  manual  threshold  control.  Second,  the  threshold  level 
produced  by  the  ATC  is  more  accurate  than  one  selected  by 
subjective  evaluation.  Third,  the  scanner  with  ATC  requires  less 
skills  of  the  user.  Fourth,  the  scanner  can  automatically 
respond  to  a  large  variety  of  paper  reflectivities  and  colors. 
Fifth,  light  non-uniformities  due  to  deterioration  of  the 
fluorescent  lamps  are  automatically  compensated.  And  last,  the 
scanner  is  able  to  continue  operating  automatically  with  the 
failure  of  one  fluorescent  lamp.  On  the  other  hand,  a  minor 
disadvantage  observed  was  that  the  operator  must  take  greater 
care  in  placing  a  document  into  scanning  position  to  insure  the 
left  margin  provides  background  for  the  CALIBRATION  PATTERN. 

There  are  a  few  critical  issues  to  the  proper  operation  of 
the  ATC  that  merit  discussion.  First,  it  is  crucial  that  the 
scanner  is  able  to  start  transmitting  video  at  the  same  precise 
physical  point  for  every  page.  Before  ATC  incorporation,  minor 
deviations  in  start  position  would  have  hardly  been  noticeable. 
But  with  the  need  to  "see"  a  narrow  CALIBRATION  PATTERN  in  the 
first  few  lines,  it  is  now  mandatory  that  the  scanner  starts 
reading  lines  in  exactly  the  same  place  every  time. 
Inconsistency  in  the  starting  position  can  be  offset  to  a  certain 
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extent  by  widening  the  CALIBRATION  PATTERN,  and  this  measure  was 
taken  by  using  ECP  A  which  is  0.219  inch  wide  whereas  only  0.140 
inch  is  actually  needed.  Still  a  small  measure  of  inaccuracy  was 
observed  during  research  that  sporadically  caused  the  CALIBRATION 
PATTERN  to  be  missed  either  partially  or  completely.  This 
resulted  in  either  thresholding  errors  or  a  portion  of  the 
CALIBRATION  PATTERN  being  printed  in  the  output  (called  pattern 
feed-through).  This  issue  will  be  covered  in  more  detail  in  the 
next  section. 

While  established  in  Chapter  3,  another  critical  issue  that 
deserves  repeating  is  the  importance  of  the  design  of  the 
CALIBRATION  PATTERN  itself.  The  pattern  must  produce  a  VTC  curve 
spanning  a  reasonable  amount  of  N  values  and  producing  a  clearly 
definable  peak  that  occurs  at  the  value  of  N  resulting  in 
detection  of  the  highest  spatial  frequencies.  Additionally  the 
CALIBRATION  PATTERN  should  cover  the  length  of  the  page  and  have 
each  spatial  frequency  evenly  distributed  along  its  length  so 
that  light  non-uniformity  effects  can  be  minimized. 

The  other  issue  that  needs  review  is  that  of  the  sampling 
algorithm  design.  Not  only  is  it  important  to  maintain  a  simple 
scheme  due  to  limitations  of  the  F8  microprocessor,  but  it  is 
also  fundamental  to  remember  that  there  are  less  than  900 
microseconds  available  for  threshold  data  processing  between 
video  lines.  (1)  In  other  words,  any  algorithm  chosen  must  be 
able  to  execute  on  the  F8  in  less  than  900  microseconds  per  video 

(l)  See  Figure  2.1. 
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line.  The  other  point  is  that  as  long  as  the  threshold  sequence 
is  executed  with  the  scanner  in  motion,  the  number  of  video  lines 
used  must  be  kept  to  a  minimum  to  preclude  the  CALIBRATION 
PATTERN  from  taking  excessive  margin  space. 

C.  AREAS  FOR  FURTHER  RESEARCH 

1.  PHYSICAL  POSITIONING  ACCURACY 

As  mentioned  earlier,  the  first  line  of  video  in  a  scan 
sequence  is  not  necessarily  taken  from  the  same  physical  point 
each  time.  It  is  believed  that  this  was  a  major  cause  of 
thresholding  errors  encountered  during  evaluation.  To  understand 
the  problem,  the  mechanical  sequence  must  first  be  studied  in 
Figure  6.15.  Once  the  start  button  is  pushed,  the  first  line  of 
valid  video  will  be  transmitted  after  a  preset  number  of  pulses 
from  the  phase-locked  loop  rate-feedback  wheel  have  been  counted. 
Theoretically  this  should  define  a  very  precise  distance  since 
the  wheel  is  physically  mounted  on  the  lead  screw  and  generates 
100  pulses  per  revolution.  It  is  suspected  that  errors  are  being 
introduced  by  one  or  both  of  the  following:  either  the  counters 
in  Block  7,  Figure  6.15  are  being  misloaded  by  spurious  noise,  or 
the  mechanical  assembly  is  not  coming  to  rest  in  exactly  the  same 
place  each  time  in  Block  8  due  to  tolerance  of  the  left-most 
limit  switch.  This  issue  should  be  explored  with  the  purpose  of 
eliminating  thresholding  errors. 

2.  CALIBRATION  PATTERN 

Since  this  research  was  conducted  with  a  limited  number  of 
available  ECPs,  a  specially  designed  CALIBRATION  PATTERN  should 


Page  108 


FIGURE  6*1S  SCANNER  MECHANICAL  MOVEMENT 
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now  be  fabricated  for  use  with  an  operational  scanner.  Although 
GCP  A  works,  each  frequency  burst  has  only  seven  discrete  spatial 
frequencies  that  the  CCD  can  detect;  the  other  five  spatial 
frequencies  are  above  the  Nyquist  rate  and  therefore  contribute 
nothing.  Additionally,  50%  of  ECP  A  has  no  spatial  frequency 
content  whatsoever.  In  view  of  this,  I  suggest  designing  a 
CALIBRATION  PATTERN  specially  tailored  to  the  needs  of  the  ATC. 
Two  possible  frequency-burst  designs  are:  one  with  more  discrete 
frequencies,  and  one  containing  a  linearly  increasing  set  of 
spatial  frequencies.  Each  burst  should  be  about  one  inch  long 
and  repeated  along  the  length  of  the  page.  This  effort  will  not 
improve  the  ATC's  choice  of  threshold  level  since  the  optimum  has 
already  been  achieved,  but  on  the  other  hand,  it  could  further 
enhance  the  ATC's  robustness  under  abnormal  conditions.  Once  the 
operational  CALIBRATION  PATTERN  design  has  been  completed,  the 
pattern  itself  should  be  permanently  etched  into  the  glass  face 
of  the  scanner.  For  expediency  in  this  research,  a  transparency 
of  ECP  A  was  taped  into  position  to  serve  the  purpose  of  a 
CALIBRATION  PATTERN. 

3.  ADJUSTABLE  DARKNESS  CONTROL 

The  ATC  is  designed  to  select  the  threshold  that  will  give 
the  most  black/white  transitions  which  in  turn  produces  an  output 
that  gives  equal  priority  to  black  and  white  information.  During 
evaluation  however,  it  was  found  that,  from  a  subjective 
standpoint,  copies  were  sometimes  more  pleasing  if  the  threshold 
was  shifted  to  slightly  blacker  than  optimum.  In  this  way, 
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portions  of  fine  print  (smaller  than  6  point)  having  spatial 
frequencies  above  Nyquist  tended  to  be  more  readable.  The 
compromise  involved  the  loss  of  some  white  information  in  the 
form  of  black  fill-in,  but  this  was  not  a  major  detraction. 
Therefore  I  suggest  adding  a  control  whereby  the  user  could  bias 
the  threshold  to  lighter  or  darker  than  optimum,  depending  on  the 
specific  need.  This  could  most  easily  be  accomplished  by  using  a 
multi-position  multi-wafer  switch  configured  to  feed  various 
8-bit  binary  numbers  to  an  F8  I/O  part.  At  the  end  of  the 
threshold-setting  sequence,  the  F8  would  alter  the  optimum 
threshold  level  by  the  value  selected  by  the  user. 

4.  INK  COLOR 

Due  to  time  constraints,  this  research  focused  only  on 
documents  having  black  print.  It  is  predictable  that  on  a  white 
background,  colors  of  ink  other  than  black  will  produce  a  smaller 
pel  swing,  but  it  is  unclear  what  colors  of  print  will  not  be 
detected  with  the  threshold  level  set  by  the  ATC.  Future 
experimentation  in  this  area  will  better  define  the  capabilities 
and  limitations  of  the  scanner  system. 

5.  SCANNER  ILLUMINATION  DESIGN 

A  number  of  issues  concerning  the  scanner’s  light  source 
were  encountered  during  the  course  of  this  research.  (1)  First 
of  all,  a  problem  was  noted  with  the  light  start-up  at  the 
beginning  of  the  page-scanning  sequence.  Either  one  or  both 


(i)  The  reader  should  refer  to  Aghamohammadi  and  Agudelo  as 
necessary  for  background  concerning  the  existing  design. 
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lights  failed  to  illuminate  approximately  30  to  40  percent  of  the 
time.  Start-up  failures  were  more  prevalent  with: 

a.  new  tubes 

b.  very  old  tubes 

c.  green  tubes  in  general 

Secondly,  a  fairly  rapid  deterioration  at  the  end  of  the  tubes 

(1)  caused  significant  non-uniform  illumination  to  occur  over  the 
lifetime  of  the  tube.  The  results  of  this  were  seen  in  Figures 
6.11  and  6.12.  Thirdly,  a  significant  amount  of  light  leakage 

(2)  into  the  CCD  shifted  the  analog  black  level  away  from 
absolute  black  and  thereby  reduced  the  effective  contrast  of  the 
document  being  scanned. 

In  view  of  these  difficulties,  I  suggest  that  a  thorough 
re-evaluation  of  the  existing  illumination  design  be  conducted. 
This  is  not  necessarily  a  suggestion  to  abandon  fluorescent  tubes 
for  some  other  type  of  lamp.  On  the  contrary,  there  are  many 
advantages  of  fluorescent  lighting  to  warrant  further 
investigation  on  obtaining  the  desired  performance  with  them. 
One  possible  source  of  aggravation  for  the  fluorescent  tubes 
could  be  the  DC  drive  currently  used.  While  the  original  idea 
was  to  avoid  "flicker"  problems,  it  may  be  a  reason  for  the  rapid 
deterioration  and  inconsistent  start-ups.  One  alternative  is  to 
evaluate  the  feasibility  of  using  a  high-frequency  AC  drive  and 
incorporating  a  quarter-wave  phase  shift  between  the  two  tubes. 
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The  problem  concerning  the  light  leakage  can  be  eliminated  by 
adding  a  light-proof  shroud  between  the  face  of  the  CCD  and  the 
focusing  lens. 

6.  SCANNER  START  BUTTON 

Throughout  this  project,  it  was  noted  that  the  scanner  start 
button  was  not  adequately  resistant  to  various  forms  of 
interference.  This  problem  was  commonly  manifested  by  the  scanner 
going  through  one  or  more  uncommanded  page-scanning  cycles 
immediately  upon  completion  of  a  user-initiated  page-scanning 
cycle.  Additionally,  the  scanner  would  cycle  through  at  least 
one  page-scanning  sequence  when  power  was  first  applied  to  the 
system.  Although  this  is  not  a  disabling  problem,  it  is  a 
nuisance  that  should  be  corrected  before  the  scanner  is  placed  in 
a  user  environment  for  operational  evaluation. 
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MANUFACTURER'S  TECHNICAL  DATA 


This  appendix  contains  technical  data 
extracts  of  pertinent  items  and  components 
used  during  the  course  of  this  research. 
This  material  is  included  for  convenience  as 
reference  to  support  the  discussion  in  the 
body  of  this  report,  and  is  not  meant  in  any 
way  to  serve  as  a  complete  set  of  d^ta. 
Readers  desiring  more  information  should 
refer  to  the  manufacturers'  publications. 
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FUNCTIONAL  OESCMFTION— The  CCD122/U2  consists  of  ttM  following  functional  elements 
illustratad  in  the  Block  Olagram: 

Imago  laniar  Element*  —  A  Una  of  I72B'2048  imago  sanaor  ala mania  separated  by  diffused 
channel  etopa  and  covered  by  a  oillcon  dioxide  aurfaca  passivation  layer.  Image  photon*  paaa 
through  the  tranaparant  ailicon  dioxide  layer  and  are  abaorbad  in  the  aingla  cryatal  allicon 
creating  hole  electron  gain.  The  photon  generated  alactrona  are  accumulated  in  the 
photoeitea.  The  amount  of  charge  accumulated  In  each  photoaite  la  a  linear  function  of  the  inci¬ 
dent  illumination  fnteneity  and  the  Integration  period.  The  output  aignal  will  vary  in  an  analog 
manner  from  a  thermally  generated  noiae  background  at  zero  illumination  to  a  maximum  at 
aaturation  under  bright  Illumination. 

Tranafer  Oate  —  Bate  atructure  adjacent  to  the  line  of  Image  aenaor  element'*.  The  charge- 
packet*  accumulated  In  the  knag*  aenaor  element*  are  Irena  tarred  out  via  the  tranafer  gat*  to 
the  tranaport  reglatar*  whenever  the  tranafer  gat*  voltage  go**  HIOH.  Alternate  charge- 
packat*  are  transferred  to  the  analog  transport  shirt  register*.  The  transfer  gat*  also  control* 
the  exposure  time  for  the  sensing  elements  and  permit*  entry  of  charge  to  the  End-Ot-Scan 
(EOS)  shift  register*  creating  the  end-of-scan  waveform. 

Four  I7W1 030-blt  Analog  Shill  Registers  —  Two  on  each  side  of  the  line  of  Image  sensor 
element*  and  separated  from  it  by  the  transfer  gat*.  The  two  inaid*  resistors,  called  the 
tranaport  shift  registers,  are  used  to  mov*  the  image  generated  charge-packets  delivered  by  the 
transfer  gate  serially  to  the  charge-dstectonampiffier.  The  complementary  phase  relationship 
of  the  last  elements  of  the  two  transport  shift  registers  provide*  for  alternate  delivery  of 
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charge-packets  to  establish  the  original  (trial  aaqutnca  ol  tha  lint  of  vtdao  in  the  output  cir¬ 
cuit.  Tha  outar  two  ragiatart  sarva  to  dalivar  tha  and-of-scan  wavatorm  and  raduca  paripharal 
atactren  noise  in  tha  innar  shift  registers. 

Oatad  Charga-OatactorfAmplifar  —  Charge- packets  are  transported  to  a  pracharged  diode 
whose  potential  changes  linearly  in  response  to  tha  quantity  of  tha  signal  charge  delivered. 
This  potential  is  applied  to  tha  gate  of  an  n-channet  MOS  transistor  producing  a  signal  which 
passes  through  tha  sample- and-hold  gate  to  the  output  at  VIDEOour.  Tha  sampif-and-hold  gate 
is  a  switching  MOS  transistor  in  tha  output  amplifier  that  allows  tha  output  to  Oa  delivered  as  a 
sampled -and-held  waveform.  A  reset  transistor  is  driven  by  tha  Reset  Clock  (be)  and  recharges 
tha  charge-detector  diode  capacitance  before  tha  arrival  ol  each  new  signal  charge-packet 
from  tha  transport  registers. 

Clock  Drivar  Circuitry  —  Allows  tha  CC0122/142  to  be  operated  using  only  three  external 
clocks,  (t)  a  Reset  Clock  signal  which  controls  the  integrated  output  signal  amplifier,  (2)  a 
square  wave  Transport  Clock  which  operates  at  half  the  reset  clock  frequency  and  controls  the 
readout  rate  of  video  data  from  the  sensor,  and  (3)  a  Transfer  Clock  pulse  which  controls 
exposure  time  of  tha  sensor.  The  external  clocks  should  be  able  to  supply  TTL  level  power. 

Dark  and  White  Ref  trance  Circuitry  —  Four  additional  sensing  elements  at  both  tnds  of  the 
1728/2048  array  are  covered  by  opaque  matalization.  They  provide  a  dark  (no  illumination) 
signal  reference  which  is  delivered  at  both  ends  of  the  line  of  video  ouptut  representing  the 
illuminated  1728/2048  sensor  elements  (labelled  "0"  in  tha  block  diagram).  Also  included  at  one 
end  of  the  1728/2048  sense  element  array  is  a  white  signal  reference  level  generator  which 
likewise  provides  a  reference  In  the  output  signal  (labelled  “W"  in  the  block  diagram).  These 
reference  levels  are  useful  as  inputs  to  external  DC  restoration  and/or  automatic  gain  control 
circuitry. 

DEFINITION  OF  TERMS: 

Charge  Coupled  Device  —  A  charge-coupled  device  is  a  semiconductor  device  in  which  finite 
‘solated  charge-packets  are  transported  from  one  position  in  the  semiconductor  to  an  adjacent 
roeltlon  by  sequential  clacking  of  an  array  of  gales.  Tha  charge-packets  are  minority  carriers 
<v-:th  respect  to  the  semiconductor  substrate. 

Transfer  dock  ex  —  The  voltage  waveform  applied  to  the  tranaler  gate  to  move  the  ac¬ 
cumulated  charge  from  the  image  sensor  elements  to  the  CCD  transport  shift  registers. 

Transport  dock  er  —  The  clock  applied  to  the  gates  of  tha  CCD  transport  shift  registers  to 
move  the  charge-packets  received  from  the  image  sensor  elements  to  the  gated  charge- 
detectorfamplifler. 

Dated  Charge-Detector/ Amplifier  —  The  output  circuit  ol  the  CCD122/142  which  receives  tha 
charge-packets  from  the  CCD  transport  shift  registers  and  provides  a  signal  voltage  propor¬ 
tional  to  the  size  of  each  charge-packet  received.  Before  each  naw  charge-packet  is  sensed,  a 
reset  clock  returns  the  chargedetector  voltage  to  a  fixed  base  level. 

Reset  dock  an  —  The  voltage  waveform  required  to  reset  the  voltage  on  the  charge-detector. 

Sample  end-Hofd  Clock  csm  —  An  internally  supplied  voltage  waveform  applied  to  the  sample- 
and-hotd  gate  in  the  amplifier  to  create  a  continuous  sampled  video  signal  at  the  output.  The 
sample-and-hold  feature  can  be  defeated  by  connecting  «ch  to  Voo. 

Dark  Reference  —  Video  output  level  generated  from  sensing  elements  covered  with  opaque 
metallzation  providing  a  reference  voltage  equivalent  to  device  operation  In  the  dark.  Permits 
use  of  external  dc  restoration  circuitry. 

While  Rsfarsssa  —  Video  output  level  generated  by  on-chip  circuitry  providing  a  reference 
voltage  permitting  external  automatic  gain  control  circuitry  to  be  used.  Tha  reference  voltage  is 
produced  by  charge-injection  under  the  control  of  the  electrical  Input  bias  voltage  (Vci).  The 
amplitude  of  the  reference  is  typically  70%  of  the  saturation  output  voltage. 

Isolation  CsM  —  A  site  on-chlp  producing  an  element  In  the  video  output  that  serves  as  a  buffer 
between  valid  video  data  and  dark  and  white  reference  signals.  The  output  from  an  isolation 
con  contains  no  valid  video  Information  and  should  be  ignored. 

Dynamic  Range  —  The  saturation  exposure  divided  by  the  peak-to-peak  noise  equivalent  ex¬ 
posure.  (This  does  not  take  Into  account  any  dark  signal  components.)  Dynamic  range  Is 


CCD122/142 


ABSOLUTE  MAXIMUM  RATINGS  (Above  which  useful  life  may  be  impaired) 

Storage  Temperature 

25-Cto  +125-C 

Operating  Temperature  (See  curves) 

-25*Cto  +70*C 

CCD  122: 

Pins  t ,  4. 9, 10, 1 1. 13, 14,  IS.  22, 23 

-0.3  V  to  15  V 

Pins  5, 12. 17,24 

OV 

Pins  2. 3. 6. 7. 8.  IS.  18, 19. 20,  21 

NC 

CCD142: 

Pins  2.  S.  10. 1 1. 12. 16. 17, 19. 25. 26 

-0.3  V  to  15  V 

Pins  6, 13, 14. 16,20, 27,28 

OV 

Pins  1 , 3. 4. 7. 8, 9, 1 8. 2 1 , 22. 23. 24 

NC 

CAUTION  NOTfc  Thasa  ctovtcaa  hm  Hmttad  built-in  gata  protactwn.  it  it  racommandad  that  static  diacharga  M  controlled 

and  minufiixad.  Cara  must  ba  taka  -  to  avoid  ihorting  pins  ViOEOOuT  and  EOSOur  to  VSS  or  Voo  during  operation  of  tha 

davicaa.  Shorting  thasa  pins  tamporar  to  VSS  or  VOO  may  daatroy  tha  output  ampiiftars. 

DC  CHARACTERISTICS:  Tp 

-  25’C  (Note  1) 

CHARACTERISTIC 


Clock  Of  ivtr  Drain  Supply  Volt 


Clock  Driver  Drain  Supply  Currant 


Output  Amplifier  Drain  Supply  Voltage 


Output  Amplifier  Drain  Supply  Current 


UNITS  CONDITIONS 


DC  Electrode  Bias  Bo  it  ago 


Electrical  Input  Bias  Vol 


Substrate  (Ground) 


AC  CHARACTERISTICS:  (Note  1) 

Tn  m  25'C,  Ion  *  O.S  MHz,  t>«  ■  10  ma,  ligtit  source  *  283s*K  ♦  3.0  mm  thick  Corning  173  IRabsorbing  filter.  All  operating 
voltages  nominal  specified  values. 


CHARACTERISTIC 


UNITS  CONDITIONS 


Dynamic  Range 

(relative  to  peek-to*peak  noise) 
(relative  to  rmt  noise) 


Saturation  e* 


Charge  Transfer  Efficiency 


Output  DC  Level 


Output  Impedance 


On-Chip  Power  Dissipation 

Clock  Ortvara 
Amplifiers 


Pesk-to-Peak  Noise 


igzai 

iisii 
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CLOCK  CHARACTERISTICS:  Tn  .  25 'C  (Not*  I) 


SYMBOL 

CHARACTERISTIC 

RANGE 

UNITS 

CONDITIONS 

TYP 

MAX 

Von 

Transport  Clock  LOW 

0.0 

0J 

0J 

V 

Notes  4.  5 

Vem 

Transport  Clock  HIGH 

9.75 

10.0 

10.5 

V 

Not*  5 

Vest 

Transfer  Clock  LOW 

0.0 

0J 

0J 

.  V 

Notes  4,  • 

V©XH 

Transfer  Clock  HIGH 

9.73 

10.0 

10J 

V 

Notes 

Yam 

Resat  Clock  LOW 

0.0 

0J 

OJ 

V 

Note  7 

V«H 

Rdsat  Clock  HIGH 

9.75 

■Ezsa 

105 

V 

Not*  7 

Ian 

Maximum  Reset  Clock  Frequency 
(Output  Data  Rate) 

1.0 

2.0 

MHz 

Not*  a 

PERFORMANCE  CHARACTERISTICS:  (Not*  1) 

Tr  a  25  *C,  fan  a  0.*  MHz,  bn  a  10  ms,  ligm  sourct  »  2854 'X  ♦  3.0  mm  thick  Coming  t  75  IR-abaortoing  llltar.  All  op*f*tlng 
voltages  nominal  spacitlad  value*. 


SYMBOL 

CHARACTERISTIC 

RANGE 

UNITS 

CONDITIONS 

TYP 

MAX 

PRNU* 

Photoresponse  Non-uniformity 

Peak- to- Peak 

180 

210 

mV 

Note  16 

Paak-to-Paak  without  SM;I*-Pik*l  Potit.v* 
and  Nagativ*  Pulaa* 

100 

mV 

Not*  IS 

Singla^rixat  Poaitiva  Pulaas 

05 

mV 

Note  16 

SIngle-pixet  Nagatlva  Pulaa* 

t» 

mV 

Note  16 

Raglatar  Imoatance  rOddTEvan") 

20 

mV 

Not*  IS 

OS 

Oark  Signal 

DC  Componant 

5 

KI 

mV 

Notes  13, 14 

Loo  Frequency  Component 

5 

mV 

Notes  13.  u 

SPOSNU 

20 

40 

mV 

Not**  13. 13 

m* 

ResponsMty 

2.0 

3.5 

SO 

Note  17 

Saturation  Output  Voltage 

800 

1400 

1800 

1  *V  1 

Note  16 

•All  PRNU  MMHimmwi  Ukan  at  e  700  mV  output  lava*  usmg  an  f  2.8  tana  a nd  axdudad  tha  outputs  from  I  ha  Drat  and  teat  elements  of  tha  array.  The 
*T*  number  la  defined  aa  the  distance  from  the  Ians  to  the  array  divided  by  tha  diameter  of  the  (ana  aperture.  As  the  f  number  Increases,  the  retultog 
more  highly  columns  ted  light  causes  the  package  window  aberrations  to  dominate  and  Incress#  PRNU.  A  lower  f  number  results  m  lass  columnated 
light  causing  device  photosite  blemishes  to  dominate  the  PRNU 


NOTES: 

1.  TP  is  defined  as  the  package  temperature. 

2.  Vt  should  be  eoua*  to  <1®  Vstm. 

3.  Vftis  used  to  generate  tha  en*of«scan  output  and  tha  »*!t  reference  output  These  two  signals  con  bo  eliminated  by  connecting  Vfi  to  a 
voltage  level  equal  to  Vex*  ♦  5  V. 

4.  Negative  transients  on  any  dock  pm  going  below  0.0  V  may  cause  charge  injection  which  results  m  an  Increase  of  apparent  DS. 

&  Cor  a  700  pP 

g.  Cek  e  300pP 

7.  Cede  8pT 

ft.  Minimum  dock  frequency  is  limited  by  increase  in  dark  s.gnai 
t.  Dynamic  range  is  defined  as  VtAT/peak-to-pMk  (tempore  )  or  VSAT/rms  noise. 

10.  1  ^Kcm*  •  0.03  fee  at  28S4*K,  1  fee  ■  SO  apem*  at  2954  ’< 

11.  SC  for  2854 *K  lor  light  without  3.0  mm  truck  Coming  t-75  :R-aosorbng  (liter  la  typically  OJ  ejfcm* 

12.  CTC  le  tha  measurement  for  e  one-stage  transfer. 

IS  See  photographs  for  OS  definitions. 

14.  Oark  signal  oemponenf  approximately  doubles  for  every  S  'C  increase  In  TP. 

IS  Each  SPOSNU  is  me  soured  from  the  DS  level  ad)  scent  to  the  bees  of  the  SPOSNU.  The  SPOSNU  sppreeimstely  doubles  far  every  **C  m> 
creese  m  TP. 


IS  See  photographs  for  PRNU  definitions. 

17  Respensfvity  for  2864 *K  light  source  without  3.0  mm  truck  Corning  1-78  IR-ebeorMng  filter  Is  typically  3  V  per  aiteml. 
IS  See  test  load  configurations. 


IEEE  Std  167A-1980 
Facsimile  Test  Chart 


U 


Patten  Dnripttii 

The  pattern  a  unbar  (Ivan  ia  tba  fnllnntag 
dsneriptiosi  may  be  MaitilW  tan  Figure  1. 
Thin  chart  ia  designed  far  scanning  in  either 
direction,  horieositally  acram  the  pane. 

IEEE  Std  187-1988.  Teat  Procedure  far  Fae- 
eimila  waa  baaed  an  praaiana  iaauea  of  tba 
IEEE  Teat  Chart. 

Pattern  1  aad  X  M  Unaa  par  inch  (178  lima 
par  millimeter)  rnnsirting  af  48  dark  aad  4S 
licht  lime,  substantially  anaal  fat  width.  Ia 
pattern  I.  the  black  rarreapanda  approximate¬ 
ly  to  etep  2  aad  pray  to  etap  7  of  pattern  8.  Ia 
pattern  2,  white  repraarnta  paper  white  aad 
gray  to  approximately  etep  11.  Them  pattern 
an  intended  far  generating  low-modulation 
high-frequency  airmail  at  both  eade  of  the 
daneity  ecalo  ueeful  far  tooting  modulation 
characteriotice  at  odgaa  of  bond  in  a  frequency 
shift  system. 

Pattern  3,  4.  and  6.  Vertical  bar  pattern!  at 
10.  80.  aad  98  lima  par  inch  <0.884. 1.87,  and 
3.78  lima  par  millimeter)  of  substantially 
equal  width  —  ueeful  for  square- wave  testing 
at  several  baying  fraquaadm. 

Pattern  8.  A  continuous  density  ssodga  de¬ 
signed  so  that  at  squat  intervale  of  distance 
across  the  page,  the  variation  in  wflactame 
will  be  roughly  equally  perceptible  to  tha  eye. 
Reading  ieft-to- right  across  tho  page,  the  rela¬ 
tive  reflection  density  values  at  the  heavy  dote 
are  approximately  as  shown  in  Table  1.  Pat¬ 
tern  6  is  ussful  for  cases  where  intermediate 
reflection  densities  an  neodod  between  the 
(tope  in  Patterns  7  and  8. 

Tahiti 

Pattern  8  Diaelty  Vaheee 
Dei  i  a  a  4  •  •  7 

Dsastav  l.e*  t.7S  its  an  o.xs  a.i«  a at 

Pattens  7  aad  8.  Reversed  step  tablets  of  15 
steps  with  reflection  densities  correepossding 
the  approximately  equal  perceptibility  modi¬ 
fied  to  provide  smaller  low  doaaity  in¬ 
crements-  Consistent  with  conventional  prac¬ 
tice.  paper  white  is  uadsntood  to  bo  equal  to 
0.00  in  density  (approximately  0.07  on  an  ab¬ 
solute  scale).  For  patterns  7  and  8  tho  relative 
reflection  densities  ore  shewn  in  Teblee  2  end 
3  respectively. 

These  patterns  will  aeaiet  ia  appraising 
gradient  aad  absolute  scale.  They  are  ueeful 
for  checking  half-tone  characteristics.  Rever¬ 
sed  sequences  are  used  since  the  dynamic  half- 
ton*  characteristic!  may  differ  far  a  riling 
density  or  a  falling  density  otals. 

Pattern  8.  National  Bureau  of  Standards 
(NBS)  typo  repeating  tri-bar  resolution  tart 
pattern.  Twelve  complete  sets  of  three- line 
patterns  are  repeated  acrom  tha  sheet.  Alter¬ 
nate  groups  are  of  different  line  spacing.  Den¬ 
sity  valuea  a re  shown  in  Table  4.  This  pattern 
ia  useful  for  checking  definition. 

Pattern  10-  Rectangle  with  48*  diagonal 
marks  at  each  corner  —  ueeful  for  chocking  in¬ 
dex  of  cooperation,  skew,  and  paper-feed  er¬ 
ror. 

Patterns  11  aad  17.  Whits  wedge  on  block 
background  and  bind  wedge  on  white  back¬ 
ground,  0.07  in  (1.78  mm)  to  aero  —  useful  far 
checking  single- line  definition. 

Pattern  IS.  W.  and  L.  E.  Gurley  type  Pietro- 
cov  Star  pattern.  Outer  circle  50.  second  circle 
100,  and  third  circle  300  lime  par  inch  (1.97, 
3.94.  and  7.87  lima  par  mllHmatar). 


Partem  IS.  Truncated  fan-type  multiple-Une 
test  pettern.Calibrated  in  lines  per  inch — uee¬ 
ful  lor  checking  multiple  line  definition  along 
wanning  line,  snvalapa  delay  distortion,  and 
rinfiBfe 

Patterns  14A  aad  14B.  NBS  type  Microcopy 
Resolution  tart  pattern.  Numerals  indicate 
tha  number  of  cycles  (one  black  plus  ana  white 
Una)  per  millimeter  (that  la,  line  pairs) — ueeful 
in  duddni  high  definition  system* 

Partem  15.  Photograph  with  detail  fat  high¬ 
light  and  shadow.  Tha  H^m-r  densities  of 
tha  photograph  approximate  those  of  test  pat¬ 
terns  7  and  8. 

Partem  18.  Vertical  gray  steps  with  relative 
reflection  densities  of  approximately  0.96  and 
0.27  —  useful  in  testing  riling  and  falling  tran¬ 
sient  characteristics  and  level  variations. 

Pattern  13.  Horiaontai  “V"  pattern  with  0.13 
in  (3.3  mm)  opening.  Number  of  scanning  Una 
creasing!  of  both  lines,  multiplied  by  7.7  will 
equal  number  of  lines  per  inch  (multiply  by 
0.3  for  number  of  lines  par  millimeter). 


Partem  18.  “Fanes’*  pattern  with  0.01  in 
(0.254  mm)  linea  0.10  in  (2.64  mm) 
apart  useful  for  checking  jitter  and  measur¬ 
ing  available  line  length. 

Patterns  10  end  11.  Halftone  dot  screens.  Re¬ 
produced  In  approximately  10. 50  and  90  per¬ 
cent  black,  left  to  right  and  at  66  dote  per  inch 
(2 M  dots  par  millimeter)  at  a  46*  angle  for 
pattern  20,  and  120  dote  per  inch  (4.72  dots 
par  millimeter)  for  pattern  21. 

Partem  22.  Title  aad  credit  box.  Throe  sixes 
of  Timm  Roman  type  font. 

Patterns  23  aad  34.  Fiducial  dote  forming  a  3. 
4,  5  right  triangle — ueeful  for  indicating  the 
presence  of  skew  by  comparing  the  hypote¬ 
nuse  of  the  tiro  patterns. 

Pattern  38.  Type  faces  as  indicated— useful 
for  checking  readability. 

Pattern  38.  Extension  lines  to  permit  mea¬ 
surement  of  available  line  and  ueeful  length  of 
copy. 


Tables 

Pattern  7  Density  Test 

Sts*  1  S  I  4  S  a  T  g  •  10  11  It  II  14  It 

Density  0.01  0.01  ail  0.26  0.41  0.M  0.70  0.04  0.04  l.Ot  1.17  l.St  1.40  1.00  1-00 

TsbleS 

Pattern  8  Density  Value* 

81*0  1  t  6  4  t  0  7  0  0  10  11  It  1»  14  It 

DsaOtr  1.70  1.68  1.30  l.tt  1.16  1.06  0.04  0.04  0.70  0.86  0.43  0.37  O.lt  0.06  001 


TaUo4 

Patera  9  Density  Values 

OtessA  OfeepB 

11  3434  133434 

Lias*  as*  lash  31.0  34.4  133  173  344  346  404  264  303  143  103  71.1 

UassssrMOUaMtar  140  3.40  4.00  0.01  100  13.0  16.0  11.3  7.M  6.60  4.03  2.00 

WOTliOiaap  A  bwssssss  lias*  satins  at  tbs  IsftOteap  8  bsssssissliiHS  startles  stlhe  rtsht. 


•a 
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FEATURES 

luM  Com  10-Bit  DAC 

Low  Con  AD7S20  Raplacamant 

Linaartty;  1/2. 1  or  2LSB 

Low  Powar  Dissipation 

Foil  Four-Quadrant  Multiplying  DAC 

CMOS/TTL  Diract  Intarfaca 

Latch  Frao  (Protaction  Schottfcy  not  Raquirad) 

ihom  umi  untwny 

APPLICATIONS 

OigHaMy  Control  lad  Attanuaton 

Profrummabla  Gain  Amptifiari 

Function  Qanaration 

Unaar  Automatic  Gain  Control 


AD7JJ3  FUNCTIONAL  BLOCK  DIAGRAM 


i  i  i _ 

i  i  ■ 

o  o  o 

iaaa  ora  an 


GENERAL  DESCRIPTION 

The  AD7S33  it  a  low  coat  10-bit  4-quadrant  multiplying  DAC 
manufactured  using  an  advanced  thui-fibn-oittnonolithic-CMOS 
wafer  fabrication  process. 

Pin  and  function  equivalent  to  the  industry  standard  AD7520, 
the  AD7S3J  it  recommended  aa  a  lower  cost  alternative  for  old 
AD7S20  sockets  or  new  10-bit  DAC  designs 

AD7333  application  flexibility  it  demonstrated  by  its  ability 
to  interface  to  TTL  or  CMOS,  operate  offTsV  to  *1SV  pow¬ 
er.  and  provide  proper  binary  scaling  for  reference  inputs  of 
either  positive  or  negative  polarity. 

PACKAGE  IDENTIFICATION1 
Suffix  D:  Ceramic  DIP  —  (D16B) 

Suffix  N:  Plastic  DIP  -  (NKB) 

1  See  Section  20  for  packapc  outline  information. 


ORDERING  INFORMATION 


CswwM 
a  i«  »ra“c 

->s*c»*as*c 

MaGury 

-55*C  to  ♦I2S*C 

*0.2% 

AD7S13JN 

AD7JJJAD 

AD7J^JAI>/*^JB, 

AD7SSISO 

AD7JJJSD/SHS' 

*0.1% 

AD7S5JKN 

AD73IIBD 
ad7jhod  reals' 

AD75I9TD 

AD75I1TD/M1B* 

*005% 

AD75DLN 

A07595C0 

AD75  JICD/ttH' 

AD7JIIUD 

AD7ssiuD/aaial 

'  tens  m»«i»e  u  milstmsi.  mM  som. 
para.  1.14  dWRl  I  I  . 11  *•»  CfatfB  1 4nic*. 

PIN  CONFIGURATION 


MTlNFNim  AOmt  «J  «M**i*» 

ZJ  wvkw  _ 

•IT  7 1*1  IWTORCAUI  liltlT  • 
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SPECIFICATIONS  (VbO*+15V;  vOUT1  “  VQU72  ■  QV;  VreF  *  +10  V  unliu  othtrwta  noted) 


Ta  «  Operating  Range1  Test  Conditions 


STATIC  ACCURACY 

Resolution 

10  Bits 

10  Bin 

Relative  Accuracy*1* 

±0.2%  FSR  max 

AD7SJ3JN,  AD,  SD 

±0.2%  FSR  max 

AD7535KN,  BD,  TD 

±0.1%  FSR  max 

±0.1%  FSR  max 

AD7J33LN,  CD.  UD 

±0.0S%  FSR  max 

±0.05%  FSR  max 

Cain  Error*-4 ■* 

Supply  Rejection* 

±1.4%  FS  max 

±1.5%  FS  max 

Digitll  Inputs  *  VpuH 

AGain/AVoo 

0.005%/% 

0.008%/% 

Digital  Inputs  ■  VJNH;  VD0  *  +14V  to 

• 

Output  Leakage  Current 

lotrri  (pi®  1) 

±30nA  mix 

±200nAmax 

Digitll  Inputs*  V|MLiVREF  «  ±10V 

•OUT2  <P»"  2> 

±S0nA  mix 

±200nA  mix 

Digitll  Inputs  •  V1NH;  Vref  *  ±  10V 

DYNAMIC  ACCURACY 

Output  Current  Settling  Time 

600ns  mix1 

800ns* 

To  0.05%  FSR(  Rloao  *  10012;  Digital 

Inputs  ■  VWH  to  VWL  or  VtvL  to 

Feedthrough  Error 

±0.0S%  FSR  mix* 

±0.1%  FSR  mix* 

Digital  Inputt*  VWL;  Vref  •  ±10V, 
100kHz  sinewive. 

REFERENCE  INPUT 

Input  Resistance  (pin  IS) 

Skft  min,  20kft  mix 

5kl2  min,  20kft  mix' 

ANALOG  OUTPUTS 

Output  Capacitance 

Court  (pi®  D 

lOOpF  mix* 

lOOpF  mix*  l 

Digital  Inputs  ■  V1NH 

Couti  (P>®  2> 

35pF  max* 

JSpF  mix'  ) 

Gouti  (P>®  1) 

Couti  (p«»  2> 

JSpF  max* 
lOOpF  max* 

JSpF  mix*  ) 
lOOpF  mix*  / 

Digital  Inputs  ■  V!NL 

DIGITAL  INPUTS 

Input  High  Voltage 

Vinh 

2.4V  min 

2.4V  min 

Input  Low  Voltage 

Vim.’ 

0.8V  max 

0.8V  max 

Input  Leakage  Current 
^H* 

±ljrA  max 

tip  A  max 

Yin  *  0Y  *®<(  Vdd 

Input  Capacitance 

On 

SpF  max* 

SpF  max* 

POWER  REQUIREMENTS 
VOO 

VD|j  Range* 


+1SV  ±10%  »1SV  ±10%  Rated  Accuracy 

♦5V  to  +16V  ♦JV  to  +16V  Functionality  with  degraded  performance 

2mA  max  2mA  max  Digital  Inputs  -  V,NL  or  VLvm 


1  Plastic  (JN,  KN.  LN  veruoru):  0  to  ♦70'C 
Commercial  Ceramic  (AD.  BD,  CD  venioMh  -2J*C  to  «BS*C 
Military  Ceramic  (SD.  TD,  UD  vcrsions)i  -S  J*C  to  *  125“ C 
*"FSR"  h  Pall  Scale  Range. 

’Final  akctrteal  team  ami  Refetire  Accuracy,  Gala  Error,  Output  Leakage  Current, 
VINH>  V|NL*  HN  H>D  “  ♦IS'C  and  *12S*C  (SD,  TD,  UD  vetaioas)  or 

♦2S‘C  and  ♦»r  C  (AD,  BD,  CD  mrriooa). 


*Ftdl  Scale  (FS>  -  -(VRflr >( w) 


1  Mae  gun  ctlange  from  TA  “  ♦IS'C  to  T«i.  or  T-^.  is  «0.1»  FSR. 
'Cuanacetd,  aoc  tewed. 

’AC  parameter,  sample  reared  to  ensure  epccificerion  compliance. 
'Absolute  temperature  coefficient  is  approximately  -JOOpptn/*C. 

Spectficariona  subject  to  change  without  node*. 
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absolute  maximum  ratings 

(f  4  •  ♦25*0  uniat  otherwise  noted) 

ipo  to  GND . -0.JV.vl7V 

tF(toGND . *23  V 

;REf  to  GND . ±2JV 

hgiui  Input  Vofcage  Range . ~0.3V  to  Vod 

jutput  Voltage  (pin  1.  pin  2) . -0.3  V  to  Vod 

ower  Dissipation  (Package) 

Plastic  (Suffix  N) 

To  +70*0 . 670tnW 

I  Derates  above  <70*0  by . 8.3mW/°C 


CAUTJON. 

1.  ESD  sensitive  device.  The  digital  control  inputs  are  Zener  protected!  however,  permanent  damage  may  occur 
on  unconnected  devices  subjected  to  high  energy  electrostatic  fields.  Unused  devices  must  be  stored  in  con¬ 
ductive  foam  or  shunts. 

2.  Do  not  apply  voltages  lower  than  ground  or  hitter  than  Vqq  to  any  pin  except  Vjjp  (pin  15)  and  Rpi  (pin  16). 


Ceramic  (Suffix  D) 

To  *70*C . 4J0mW 

Derates  above  +7$*C  by . 6mW/* C 

Operating  Temperature  Range 

Commercial  (JN,  KN,  LN  versions) . 0  to  *70*C 

Industrial  (AD,  BD,  CD  versions) . -25*C  to  ♦BJ*C 

Military  (SD.  TD,  UD  versions) . -55*C  to  *125*C 

Storage  Temperature . -6S*C  to  +150*C 

Lead  Temperature  (Soldering,  10  seconds) . *300* C 


ERM1NOLOGY 

■LATIVE  ACCURACY!  Relative  accuracy  or  endpoint 
nonlinearity  is  a  measure  of  the  maximum  deviation  from 
a  straight  line  passing  through  the  endpoints  of  the  DAC 
transfer  function.  It  is  measured  after  adjusting  for  ideal 
tcro  and  full  scale  and  is  expressed  in  %  or  ppm  of  full- 
scale  range  or  (sub)  multiples  of  1LSB. 

SOLUTION:  Value  of  the  LSB.  For  example,  a  unipolar 
..'nverter  with  n  bits  has  a  resolution  of  (2*n)  (VKgp).  A 
bipolar  converter  of  n  bits  has  a  resolution  of  (2-<n"*M 
IVrekI  •  Re*olution  in  no  way  implies  linearity. 

TTLING  TIME;  Time  required  for  the  output  function  of 
;he  DAC  to  settle  to  within  1/2  LSB  for  a  given  digital 
■nput  stimulus,  i.c.,  0  to  Full  Scale. 


GAIN  ERRORt  Gain  error  or  full-scale  error  is  a  measure 
of  the  output  error  between  an  ideal  DAC  and  the 
actual  device  output 

FEEDTHROUGH  ERROR.  Error  caused  by  capacitive 
coupling  from  Vggp  to  output  with  all  switches  OFF. 

OUTFUT  CAPACITANCE!  Capacity  from  loUT,  and 
IqUTC  terminals  to  ground. 

OUTPUT  LEAKAGE  CURRENT i  Current  which  appears  on 
*OUTl  ,erm'nal  with  all  digital  inputs  LOW  or  on  Iout? 
terminal  when  all  inputs  ate  HIGH. 
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CIRCUIT  DESCRIPTION 

GENERAL  CIRCUIT  INFORMATION 
The  AD7S33,  a  10-bit  multiplying  D/A  converter,  consists  of 
a  highly  stable  thin  film  R-2R  ladder  and  ten  CMOS  current 
switches  on  a  monolithic  chip.  Most  applications  require  the 
addition  of  only  an  output  operational  amplifier  and  a  voltage 
or  current  reference. 

The  simplified  D/A  circuit  is  shown  in  Figure  1.  An  inverted 
R-2R  ladder  structure  is  used  -  that  is,  the  binarily  weighted 
currents  ate  switched  between  the  lotrri  and  !out2  bus  lines, 
thus  maintaining  a  constant  current  in  each  ladder  leg  inde¬ 
pendent  of  the  switch  state. 


nr •  mm  ant  an  winua 

butm  wnruTumenniaumB 


Figure  I.  AD7S33  Functional  Diagram 

One  of  the  CMOS  current  switches  is  shown  in  Figure  2.  The 
geometries  of  devices  1, 2  and  3  arc  optimized  to  make  the 
digital  control  inputs  DTL/TT  L/CMOS  compatible  over  the 
full  military  temperature  range.  The  input  stage  drives  two 
inverters  (devices  4, 3, 6  and  7)  which  in  turn  drive  the  two 
output  N-channds.  The  “ON"  resistances  of  the  switches 
are  binarily  sealed  so  the  voltage  drop  across  each  switch  is 
the  same.  For  example,  switch  1  of  Figure  2  was  designed 
for  an  "ON”  resistance  of  20  ohms,  switch  2  for  40  ohms  and 
so  on.  For  a  10V  reference  input,  the  current  through  switch 
1  is  0.3mA,  the  current  through  switch  2  is  0.23mA,  and  so 
on,  thus  maintaining  a  constant  lOraV  drop  across  each 
switch.  It  is  essential  that  each  switch  voltage  drop  be  equal 
if  the  binarily  weighted  current  division  property  of  the 
ladder  is  to  be  maintained. 


Figure  2.  CMOS  Switch 
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TYPES  SN54390.  SN541S390,  SN54393.  SNS4LS393, 
SN74390.  SN74LS390.  SN74393.  SN74LS393 
OUAL  4-BIT  DECADE  AND  BINARY  COUNTERS 

BULLETIN  NO.  OL-S  7612Q99.  OCTOBER  1*76 


Dual  Vtrtiom  of  the  Popular  '9QA,  'LS90 
and  '93A,  LS93 

*390,  'LS390.  .  .Individual  Clock!  for  A  and  B 
Flip-Flop!  Provide  Dual  +2  and  ^5  Counter! 

*393.  'LS393.  .  .Dual  4-Bit  Binary  Counter 
with  Individual  Clock! 

All  Have  Direct  Clear  for  Each 
4-Bit  Countar 

Dual  4-Bit  Version*  Can  Significantly  Improve 
Sy!tem  Densities  by  Reducing  Counter  Package 
Count  by  50% 

Typical  Maximum  Count  Frequency  ...  35  MHz 

Buffered  Outputs  Reduce  Possibility  of  Collector 
Commutation 


description 


Each  of  these  monolithic  circuits  contains  eight 
master-slave  flip-flops  and  additional  gating  to  imple¬ 
ment  two  individual  four-bit  counters  in  a  single 
package.  The  '390  and  'LS390  incorporate  dual 
divide-by-two  and  divide-by-five  counters,  which  can 
be  used  to  implement  cycle  lengths  equal  to  any 
whole  and/or  cumulative  multiples  of  2  and/or  5  up 
to  divida-by-100.  When  connected  as  a  bi -quinary 
counter,  the  separata  divide -by-two  circuit  can  be 
used  to  provide  symmetry  (a  square  wive)  at  die  final 
output  stage.  The  *393  and  TS393  each  comprise 
two  independent  four-bit  binary  counters  each  having 
a  clear  and  a  dock  input.  N-bit  binary  counters  can 
be  implemented  with  each  package  providing  the 
capability  of  divide-by-256.  The  '390.  'LS390.  ’393, 
and  'LS393  have  parallel  outputs  from  each  counter 
stage  so  that  any  submultipit  of  the  input  count 
frequency  it  available  for  system-timing  signals. 
Strias  54  and  Series  54LS  circuits  art  characterized 
for  operation  over  the  full  military  temperature  range 
of-6S*C  to  125*C;  Sarias  74  and  Sari*  74US 
circuits  k a  characterized  for  operation  from  0°C 


SM 54300,  SN54LS390  ...JORW  PACKAGE 
SN 74390,  SN74LS300  . . .  J  OR  N  PACKAGE 
_ (TOP  VIEW) _ 


positive  lapis:  High  input  to  dssr  rtwti  all  four 
outputs  low 


PISUU,  SNS4LS3M  ...JORW  PACKAGE 
M743e3.  INS4LS39)  . . .  J  OH  N  PACKAGE 

_ ITOPVIEWI _ 

OUTPUTS 


VCC  2A  CLEAR.  '  »A  208  TOC 

|  oa  i  0«c 

clcah 


paahlvt  lot*:  HiQh  input  to  dMf  rtwtt  all  four 
outputs  low 
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FUNCTION  TABLES 

HO. '1*3*0 

*3M. ‘1*3*0 

CO  COUNT  ttOUINCt 

■LOUINAAV  IM) 

*3*3, 1*3*3 

(EACH  COUNT**) 

(EACH  COUNTER) 

COUNT  SEOUSNCE 

MmNmaAI 

OmNouI) 

(EACH  COUNTER) 

Texas  Instruments 

INCORPOftArcO 

OOlCC  MM  MU  •  t ISAS  WM 


Page  130 


*'rr* 


■it* 


-  .-vk,  K+'y 


>  "Jk~  >^53  v-  :  -/^tJrvw. 

,:-  .*  .V  -■•>• .  :  ...  .  i?+->*-.~.sa*> 

•  '  •  •  ••*•  •  .  » 


TYPES  SN54390,  SN54LS390.  SN54393,  SNS4LS393. 
SN74390,  SN74LS390,  SN74393,  SN74LS393 
DUAL  4-BIT  DECADE  AND  BINARY  COUNTERS 


^tmatics  of  input!  and  output! 


|  EQUIVALENT  OP  EACH  INPUT  | 

INPUT’ 

L 

INPUT 

Rgq  NOM 

A  ('3901  . . 

....  3  kfl 

b  ram.. 

...  1J5  kfl 

A  ('3931 . . 

....  3M1  ! 

Any  dear  . . 

...  S kfl 

- vcc 

too  n  NOM 


SOUIVALE NT  OF  EACH 
A  AND!  INPUT 

VCC - - 

■*n 


INPUT  Rjq  NOM 

A  CLS3901 . 4Jkn 

S  ('LS3901 . 2.7  kO 

A  CLS393I . 43  kO 


-LS390.  ’L5393 


EQUIVALENT  OP  EACH 
CLEAR  INPUT 

vcc - r - 

f  1!  kfl  NOM 


TYPICAL  OP  ALL  OUTPUTS 

- 1 -  vcc 

?  120  0  NOM 


Texas  Instruments 

ISCOHPORAfEO 
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APPENDIX  B 

F8  MICROPROCESSOR  SOFTWARE 


This  appendix  contains  the  source  codes 
for  the  F8  developed  in  conjunction  with  the 
design  of  the  Automatic  Threshold  Control  for 
the  scanner.  Assembly  listings  and  linking 
information  for  each  software  module  are 
included.  The  floppy  disc  HELP  file 
describing  the  software  package  is  also 
included  to  serve  as  an  overview. 


"HIS  IS  THE  MAIN  DESCRIPTOR  ?t 
IT  GSSCRI3E3  THE  PROGRAMS  ON  I 


Li  FOR.  THIS  GISH. 

T  AMD  :««  TO  VS L  THEM. 


PROG.RxMS  M QCIFIEO  AKG  GLGVGSSE 
ST 

CAPT  3.  J.  STANTON,  JUKE  32. 


use?.  information 


"HE  F9  PROVIDES  THRESHOLD  AMS  PRINTS?  COHTP.OL  FOR  THE  SLSCTRO-O PTI CaL 
PAGE  SCANNER  (SOPS).  THE  SOFTWARE  IS  IN  A  VARIETY  OF  FORMS  DESIGNATE- 
SY  THE  FILE  ATTRIBUTES 

’00’  IS  A  TEXT  FILE  SUCH  AS  THIS  ONE  3?  ONE  CONTAINING  UNASSEMBLED 

SOURCE  CCDS* 

■10’  IS  AN  OBJECT  COCE  FILE  “HAT  CAN  3E  LG ALSO  AND/OR  LINKED. 

GEFEMCING  ON  THE  NATURE  OF  THE  SOFTVARE. 

'30'  IS  A  CORE  IMAGE  FILE  THAT  (THEN  LOCATED  ON  GISH  GRI7E  C> 

IS  LOADED  AND  EXECUTEG  AS  A  SvSTSM-L2VSL  COMMAND  THEN  THi 
FILENAME  IS  ENT  IP.  EG. 

'AO'  IS  AN  EXECUTIVE  FILE  “OS  FACILITATING  VARIOUS  FILE  OPERATIONS. 

THE  FILES  ECPS  1.30:1  mNC  EO?S2.30sl  aRa  COMPLETE  SCFTVAP.E  PhCKAGES. 

ECFSl  AND  E0PS2  ARE  DI STIKGUISHES  3Y  THEIR.  THRESHOLD  SAMPLING  ALGORITHMS. 
SOPS  1  HAS  AN  INITIAL  STEP  SIZE  (SI)  OF  12S  aNG  SAMPLES  THE  ENTIRE  RANGE  8 
N  (0  TO  102A).  E0PS2  HAS  AN  INITIAL  STEF  SIZE  OF  54  AMD  SAMPLES  THE  RAMS 
OF  N  (  1  S3  TO  540 )  •  TO  USE  EITHER.  OF  THESE  ?«CXAuiS.  FIRST  INSUR.t  THE 
0E3IREG  PACKAGE  IS  LJALEG  ONTO  DISK  DRIVE  0.  YOU  M«v  ‘.'ANT  TO  SniL  a  GO?’'' 
OF  ONE  OF  THESE  FILES  OK  DRIVE  0  3Y  EXECUTING  A  COMMAND  SUCH  aS: 

COPY  FILE  EOPSi .30:1 

TO  FUT  THE  F3  INTO  THE  SOPS  MODE,  CALL  THi  APPROPRIATE  SOFTVaRS  RaCHAGE 
3V  TYPING  ITS  NAME: 


ONCE  THE  SOFTVARE  IS  LOaGED  aND  RUNNING,  USES  CONTROL  IS  “RO"lGEG 
THROUGH  THE  'SENSE’  3V ITCHES  ON  THE  FRONT  =»NEL  OF  THE  F* .  THE 
FUNCTIONS  ARE: 

SENSE  *  GO VN  U» 


NORMAL  OFEF.aTIGM 
NORMAL  RAGE 
aUTOMATI 0  THRESHOLD 
SOFT  00 Rv 


RETURN  TO  G0S4 
INFINITE  LINES 


THRESHOLD  FREE 
MaRL  C0?v 
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3  IS  ’  5  wm  "  W  P  wrlLI  Sw 

“0  a£  .lIAsL.I  :  0  ?HhT<  I  TH  T.iE 

r hz  '0?T"A?i  --ill  continue  to 

LINES  “I  '  0 r'  ”  £;  w.'.'.'G  THE  ’m;.-  "•. 

TO  THE  00 ••■.■;  -*3ITICN  THE  30F*«=E 

Of  =age  St'S' i.:  -o  r,:: o  resets. 


.  “  i  -i*r  .  ,*~i.  . a.  .  «  .  1  — J 


:s  o'seo  for  control  of  the  automatic  tkraShcl.  feature.  ::: 
automatic  three hole  mode*  2?  lines  of  the  leading  iaRcin 
containing  the  test  Matter::  are  sampled  to  OaT-iN  the  optimum 

THRESHOLD  FOR  EXISTING  CONDITIONS.  THE  VALUE  OF  THE  SELECTS. 
THRESHOLD  IS  .1 5RLAYSD  Oil  THE  SCREEN  IN  .-i£v ■  III  THRiSHOLO 
FREEZE  MODES  *  THE  uAST  THRESHOLD  SET  BY  THE  OOF  TV  AR  E  IS  *£• 
TaINED  A ND  D’SPLaYED  ON  THE  SCREEN.  NOTE:  IF  THE  THRESHOLD 
IS  ALTEREE  FROM  THE  FRONT  PANEL  OR  3Y  OTHER  DEBUGGING  HE AN 3* 
THE  MESSAGE  TO  THE  SCREEN  WILL  MOT  REFLECT  “HE  ALTERATION. 


7  SELF  EXPLANATORY. 


EOPS  IS  IN  TURN  COMPOSED  OF  SMALLER  LINKABLE  53FTVARE  RACKnGES •  THESE 
MODULES  ARE  DESCRIBED  3ELJ'- : 

NAINA  -  MAIN  CALLING  PROGRAM*  VERSION  a 

THIS  MOGULS  CONTAINS  THE  MAINLINE  ROUTINES  OF  EOPS  AN.  THEREFORE  MUST  a 
AT  THE  BEGINNING  LINK.  IT  CONTAINS  ALL  INITIALIZATIONS*  3E:j3E  SWITCH 
CONTROLS*  LINE  COUNTERS*  CC MM AN L  TRANSMISSIONS*  CRT  SCREEN  PROMPTS*  ~J0 
ATC  CALLS-  IT  ALSO  INITIALIZES  THE  SAMPLING  ALGORITHM*  03ET*  THEREBY 
CONTROLLING  SAMPLING  RANGE  AML  INITIAL  STEP  SIZE  (3l>. 

FSTLN - FIRST  LINE 

THIS  SUBROUTINE  POLLS  THE  SIGNAL  CALLED  ’PRINTLINE’ 

MI  I CH  IS  PRESENT  ON  INPUT  FORT  A  IN  THE  LEaST  SIGNIFICANT 
BIT  POSITION.  THE  PPOORaM  IS  -ESI ONES  TO  OETECT  a  RISING 
TRANSITION  OF  THE  IN’ PIT  SIGNAL.  THIS  IS  aJCOK“LI 3HDL  LOOPING 
'7-1TIL  THE  SIGNAL  IS  FALSE  «NL  THEN  LOOPING  UNTIL  IT  IS  TRUE. 

WHEN  THIS  PROGRAM  RETURNS*  THE  TRANSITION  WILL  HAVE  JUST  OCCURRED. 

THE  SOFTWARE  IS  DESIGNED  TO  TAKE  INTO  ACCOUNT  THE  INVERSION  THAT 
TAKES  PLACE  THROUGH  THE  F?  I/O  PORT.  THEREFORE  THIS  M3CULE  ACTUALLY 
SENSES  A  DOWNWARD  TRANSITION  OF  THE  SIGNAL  ’PRINTLINE’  IN  THE  SOaI.’NER. 
THE  GOAL  IS  TO  CATCH  THIS  DOWNWARD  TRANSITION  WHICH  SIGNALS  THE  EMC 
OF  A  LINE  OF  VI CEO  INFORMATION* 


ENDLN - END  OF  LINE 

“HIS  SUBROUTINE  IS  A  SLIGHTLY  MORE  COMPLEX  VERSiO 
IT  ALSO  DETECTS  A  FhLLING  TRANSITION  OF  ’PRINTED 
HOWEVER*  IT  IS  DESIGNED  TO  WAIT  FOR  THIS  “RaNSISZ 
THIS  FEATURE  ’’AS  INCLUDED  TO  ®  REV  ENT  THE  SOFTWARE 
HUNG  UP  nND  OUT  OF  SYNC  IF  “HE  SCANNER  S.-iCULD  all 
OR  PRODUCE  A  FALSE  START.  IN  THE  EVENT  TKaT  THIS 
WAIT  MORE  THAN  10  MS.  IT  SETS  THE  LINE  COUNTER  TO 
LINE  SO  THAT  WHEN  THE  RETURN  TO  THE  MAIN  PROGRAM 
THE  LAST  LINE  CONDITION  WILL  3E  INVOKED  aNL  THE  3 
WILL  RESET.  SHOULD  IT  BE  NECE5Sa?.v  *3  HAVE  THE  3 
IN  MIDPAGE  AMD  STILL  HAVE  THE  SOFTWARE  OPERATING 
WITH  THE  SCANNER  (FOP.  ALIGNMENT  ETC.}*  SENSE  SVII 


1 1 .PAGE 


ICRONjt 
;  shot 
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“ITS - TRANSMIT  COMMAND 

THIS  IS  THE  SIMPLEST  OF  ALL  THE  SUBROUTINES •  IT  13  THE  ONE 

•."HIGH  ACTUALLY  SENDS  THE  COMMANDS  TO  THE  PRINTER  OP.  THE  TEXTRONICS 

01  SPLAY .  IT  EXPECTS  THE  COMMAND  CHANNEL  IN  THE  INTER.- ACE 

BOARS  TO  HAVE  ALP. EASY  SEEN  0 PENES  AND  THE  COMMAND  POP  TP.AN3M  1 3  SION 

TO  BE  STORES  IN  REGISTER  R. 

OSET  - QUICK  THRESHOLD  SAMPLING  ALGORITHM 

THIS  MODULE  SAMPLES  THE  RANGE  Or  THRESHOLD  VALUES  Bv  USING  PRO ORES 
SMALLER  aND  SMALLER.  STEP  SITES*  EACH  TIME  QSET  IS  CALLED.  THE  1<1 
STEP  5 1 T£  VILL  BE  USED  POP  SEVEN  SAMPLES  mMD  "ILL  THEM  JE  SIVILED 
POUR  3EP0P.E  CONTROL  IS  RETURNED  TO  THE  MAIN  CALLING  'P.CGFaH*  VITH 
EACH  ,rALUE  OF  N.  7TC  IS  COMPARED  TO  THE  PREVIOUS  MAXIMUM  7TC 
<MTC>*  THE  VALUE  OF  M  PRODUCING  THE  OVERaLL  MAXIMUM  VALUE  OF 
VTC  IS  STORED  FOR  EITHER  THE  i’ZXT  INVOCATION  OF  QSZT  OR  FOP.  THE  MA 
CALL  I "G  PROGRAM  TO  LOAD  INTO  FORTS  12  AND  13  AS  THE  OPTIMUM 
THRESHOLD  VALUE  POP  THE  PAGE  TO  BE  SCANNED* 


RESULT : 


NiCESSARY 

TO 

REASSEMBLE 

AND  PEL 

THE 

FOLLOWING 

SEQUENCE  OF  CO 

HHAMDS 

aSM 

MAINE, GO: 1 

TO 

MAINE,  1":  I 

N-jLI  S  ; 

ASM 

F3TLN, CO : l 

TO 

PSTLM, 10* 1 

0  Li  ST 

ASM 

E.VDLN,  00 : 1 

TO 

aN^LN, 1 C : 1 

NOLL  ST 

ASM 

vMITS.OCsl 

TO 

MMITS. 10: 1 

NO  LIST 

ASM 

'SET  ,00:1 

TO 

■T-SET  ,10:1 

NO  LIST 

Li:  ' 

l  CLFa  5 

-G 

0  MAINE, 1C: 

1 

LINK 

l  F3TLN.I 

C:  1 

LI  TS 

1  SNDLN, 1 

f  :  1 

LINK 

1  VMI TS ,  1 

0:  1 

LIMP 

1  '.SET  ,1 

0:  l 

(ARE 

IS 

:::  ram  and 

READ" 

PR  0  N 

T  PANEL  OR 

3Y 

USING  THE 

??  DE3U 

BE 

NECE33APY 

TO 

CREATE  A  PI 

L£  FROM 

"HAT  CAN  BE  LOADED  VITH  A  SINGLE  COMMAND,  THE  FOLLOWING  COMM 
CAN  BE  USED) 

ASS  DO  VDISK  FILENAME. 10: 1 
DLMF  0CCC-C2S5 

THIS  PACKAGE  VILL  BE  STORED  ON  DISK,  AND  CAN  BE  LOADED  INTO  RAI 
AT  A NY  TIME  BY  THE  COMMAND: 

LOAD  FILENAME, ID: 1 

“C  EXECUTE  THE  PROGRAM  LOADED  IN  THIS  MANNER ,  USE  THE  r3  FRONT 
PANEL: 
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C L zjn R  wli" LAY 
LD  ALCHuS 
RUN 

IF  THS  USE?  WISHES  TO  HaVS  A  FILS  -hi Ca  LOmDS  A.'.' I  ALSO 
AUTOMATICALLY  EXECUTES  FROM  THE  SYSTEM  DISK-  III  PL-CS  OF  THE 
A3GYE  EXAMPLE-  THESE  FOLLOWING  COMMANDS  C«N  3S  EXECUTEE: 

CCI  FtLSNAME-OCi!  ccco-cass  ' 

COPY  FILE  FILENAME- 3C : 1 

THIS  LAST  COMMAND  PLACES  A  CG?V  OF  THE  CCP.E  IMAGE  ON  THE 
SYSTEM  DISK  THESE  IS  TILL  3E  FOUND  3Y  THE  OPERATING  SYSTEM 

in  response  to  the  usep.  typing  •filename*-  since  the  system 

LOCKS  FOP.  LOAD- AND- EXECUTE  FILES  OK  DRIVE  0  WHERE  THE  SYSTEM 
DISK  7SUALLV  RESILES • 

IT  MUST  BE  NOTED  THAT  THESE  COMMANDS  TO  CREATE  NEV  COPIES  OF  TH 
OPERATING  PROGRAMS  MUST  3E  EXECUTED  IMMEDIATELY  FOLLOWING  THE 
LINKING  OPERATION  SINCE  SOME  OF  THE  OTHER  FDOS  PROGRAMS  (LIKE 
THS  ASSEMBLER  AND  THE  EDITOR)  OBSCURE  THE  LOWER  ADDRESSES  OF 
THE  MEMORY  WHERE  THE  SCANNER  PROGRAMS  ARE  LOADED. 

ON  THIS  DISK  THE  FILES  SOPSI-OCsl  AND  E0PS2-30sl  «RE  AUTOMATIC 
LOAC-AND- EXECUTE  FILES  WHICH  CAN  BE  COPIED  TO  «  DISK  IN  DRIVE  0 
FOR  IMMEDIATE  USE- 

FOR  FURTHER  INFORMATION  CONCERNING  THE  OPERATION  OF  THE  F3  AND 
ITS  OPERATING  SYSTEM  FDOS-  CONSULT  THE  USERS  MANUALS  SUPPLIED 
WITH  THE  SYSTEM. 
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20FE 

0350 

LI 

254 

012C 

IF 

0351 

DL5 

INC 

'•AIT  18  US 

0120 

?4FE 

0120 

0352 

3H2 

CL  5 

0353 

m 

0354 

•EMC  D£LAV*** 

0355 

• 

012? 

290132 

0132 

0356 

UUP 

ENGCKX 

0357 

M*«i 

0132 

70 

0358 

SNDCHK  CL? 

IF  r 3  SENSE  5 

0133 

30 

0359 

OUTS 

0 

•l  THEN  LOO? 

0134 

AO 

0360 

IMS 

0 

UNTIL  F3  SENSE 

013S 

2120 

0341 

N I 

X '  20  ’ 

»C 

0137 

2500 

0362 

Cl 

H '  OC ' 

Cl  39 

*407 

0141 

0363 

37 

HCPMCNT 

0133 

2001 

0364 

LI 

K '  0  1  ' 

0130 

51 

0365 

LS 
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0  1 3£ 

2000 

0366 

LI 

H  '  0  0  ' 
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SOUP.CE  STA7EKEN 


0140 

50 

0367 

LR 

C  *  A 

0141 

41 

0363 

MOSMCNT 

LR 

A#  l 

0142 

2400 

0369 

AI 

0 

CHECK  FOP.  LAST  LI 

2144 

9407 

014C 

0370 

3N2 

ox 

0146 

40 

0371 

LR 

A,0 

0147 

2400 

03^2 

Al 

0 

0149 

3406 

0150 

0373 

32 

DOME 

0I4S 

30 

0374 

OS 

0 

014C 

31 

0375 

OK 

OS 

1 

0140 

290008 

0008 

0376 

JMP 

N  E'-TLN 

0150 

43 

0377 

CONE 

LR 

A»  3 

0151 

2500 

0373 

Cl 

H  *  0  0  ’ 

0153 

3412 

0166 

0379 

32 

SKIPSOF 

0380 

■ 

0381 

•PRINTER  FINAL 

SECTION--- 

0382 

* 

0155 

2oor 

0383 

LI 

HARDCUT 

SEND  CUT  CMD 

0157 

59 

0384 

LR 

9^  A 

0153 

230000 

0000 

0385 

?! 

XMIT3 

0386 

m 

0337 

••••■•••DELAY 

0358 

• 

0153 

20F6 

0389 

LI 

246 

0150 

IF 

0390 

CSL 

INC 

VAIT  FOR  CUT/ 

0 1  52 

94FE 

0150 

0391 

3NZ 

CDL 

0392 

« 

0393 

END  DELAY 

0394 

• 

0160 

2037 

0395 

LI 

HA? DOFF 

SEND  PRINTER  3FF  ( 

0162 

59 

0396 

LR 

9,« 

0163 

230000 

0000 

0397 

PI 

YMITS 

0393 

■ 

0399 

* 

0400 

• 

0166 

290005 

0C05 

0401 

SKIPSOF 

JMP 

OUEP. 

RUN  PROGRAM  AGAIN 

0402 

* 

0403 

• 

0169 

0016 

0404 

MSG  1 

DC 

HL2 *0016’ 

0163 

544852 

0405 

DC 

C ' THRESHOLD  RESET  * 

0173 

344F20 

0406 

DC 

C ' TO 

0131 

0017 

0407 

MSG2 

cc 

0 1  ®3 

544652 

C«05 

DC 

C  THF.S3HCL 

0  frj’e::  ■ 

0194 

415420 

0409 

CC 

C'AT  »»#’ 

0410 

* 

0411 

« 

0412 

END 
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FSTLN 

SP.RS 


LOC 

OBJECT 

ADDS 

LINE 

SOURCE 

stateh 

0000 

0C01 

FSTLN 

R3P.G 

0 

C002 

TITLE 

• F3TLN ‘ 

0003 

* 

C004 

*  VBITTSK 

3Y  RALPH  L. 

00C5 

m 

0006 

«  THIS  IS 

A  SUSP.  WHICH 

0007 

*  SIGNAL 

CALLED 

PRIMTL 

COOS 

■  RISING 

TRANSITION  31 

0009 

*  END  OF 

A  SCAN 

LINE, 

0010 

•  SEND  COMMANDS 

• 

001  1 

«  DUE  TO 

AN  INVERSION 

0012 

•  INTERFACE  THE 

ACTVhL 

. 

0013 

*  SCANNER 

'IhKIS 

A  7 ALL 

OC  14 

m 

001S 

m 

0040 

001-s 

£».‘5£N5 

££>U 

rl*  40* 

0017 

* 

0013 

* 

OOOC 

2C40 

or  1 9 

LI 

Z*J  3  Zll  3 

0002 

35 

:o2o 

OUTS 

c 

"cai 

a 

0003 

70 

0052 

L  Fl 

CLP 

00*4 

3u 

002  3 

OUT” 

4 

CnC5 

«a 

"024 

IMS 

a 

0006 

2101 

2025 

N I 

H  •  C  1  • 

000* 

34.-A 

0C03 

0C26 

3MT 

L?t 

COCA 

70 

0027 

LP2 

CLS 

0CC3 

34 

0023 

OUTS 

4 

OOOC 

A4 

0029 

INS 

4 

0000 

2101 

0030 

NI 

h  •  or 

OOOF 

3«Fm 

OOOA 

0031 

SZ 

L?2 

001  1 

1C 

0032 

POP 

t 

0033 

END 

_;o  -  fhls 


LOO?  UNTIL  TRUE 


CO  ERRS 


Paee  l4it 


ENCLN 

EPRS  L3C  OBJECT  ACCS  LINE 


SOURCE  STATSIlENl 


TITLE  '  ENCLN  1 

m 

•  VS I “TEN  3Y  SALFH  L.  7 INC  I GUESS A  12/30 

m 

•  THIS  IS  A  SUSS  VHICH  VAITS  "OS  THE 

•  SIGNAL  CALLSC  PRINTLINE  TO  HAKE  A 

•  RISING  TRANSITION  SIGNALLING  THE 

•  END  OF  A  SCAN  LINE#  ANC  TINE  TO 
■  SENS  COMMANDS. 

-  DUE  TO  AN  INVERSION  IN  THE 

•  INTERFACE  THE  ACTUAL  LINE  IN  THE 

•  SCANNER  MAKES  A  FALLING  TRANSITION. 


-  THIS  SU3R  ALSO  VILL  ONLY  VAIT 


001  ’ 

»  ASOUT 

1  CMS 

FOR  THE 

0013 

-  TRAMS  I 

TI3M 

“0  OCCUR.  IF  THE  TRANSITION 

0019 

-  TAKES 

MORE 

THE  LIME  COUNTER  IS  SET 

0020 

-  THE  THE  END 

OF  THE  PAGE  ANC  THE 

0021 

-  MAIN  PROGRAM  CONCLUDES. 

0040 

0022 

EN5ENS 

ECU 

H  *  40  * 

CC23 

m 

0024 

m 

0000 

2040 

0025 

EM  SENS  .  ENABLE  SENSE  INPUTS 

0002 

35 

0026 

3  UTS 

S 

0027 

m 

3003 

20FF 

0023 

L« 

C'255  • 

0005 

59 

0029 

9, A  INITIALIZE  CUT  REC 

0030 

m 

0006 

70 

0031 

L?1 

CL3 

LOOP  171 T I L  FALSE 

000’ 

34 

0032 

CUTS 

4 

0008 

A4 

0033 

INS 

4 

0009 

2101 

0034 

NI 

H '  0 1  ' 

0003 

3406 

0012 

0035 

3Z 

RDY 

0000 

39 

0036 

DS 

9 

OCOE 

34  10 

00 1 F 

0037 

3Z 

CUMFOUT 

C01C 

90F5 

0CC6 

0033 

3R 

LP1 

0039 

m 

0012 

2CFF 

0040 

RDY 

LI 

D'ES*' 

0014 

59 

0041 

LS 

9,  A 

0015 

70 

0042 

L?2 

CL? 

LOOP  UNTIL  TRUE 

0016 

34 

0043 

JUTS 

4 

0017 

A4 

0044 

INS 

4 

0013 

2101 

0045 

M I 

H  *  0  1  ' 

OCIA 

9408 

0023 

0046 

3MZ 

30 

00  tc 

39 

0047 

cs 

9 

00  ID 

94F7 

0015 

0043 

3NZ 

LF2 

00 1 F 

2  COO 

0049 

GUM POUT 

LI 

D  ‘  00 ' 

0021 

50 

0050 

LR 

C.  A 

0022 

51 

0051 

L? 

1  •  f* 

0023 

1C 

0052 

GO 

SOP 

C053 

END 

CO  ERRS 
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LOC 

38u'EC7 

accs  lime 

source  statememt 

OCOO  OOOi 

XM1T3  30 S3  0 

C002 

* 

0003 

TITLE  ' XMI T3 ' 

0004 

m 

2005 

m 

VRITTEK  3Y  RALPH  L.  V I H C 1 3 U EP.RA  12/30 

0006 

m 

0007 

* 

0009 

m 

THIS  SU3S  IS  USED  TO  3 EMC  THE  COMMANDS 

0009 

* 

TO  THE  PRINTER  33  THE  TEh  Cl  SPLAY. 

00 10 

m 

IT  EXPECTS  THAT  THE  COMMAND  CHANNEL 

0C1  I 

m 

HAS  ALREACY  SEEM  OP  EM  EC  THRU  POST  5> 

CO  12 

a 

AND  THAT  THE  COMMAND  TO  3E  SENT  IS 

0013 

a 

VAX  TING  IN  REG  I STE3  9  TO  3E  SENT  TO 

0014 

« 

POST  3. 

0015 

at 

ooc-c 

49 

CC  16 

La  A#  9  PUT  CMC  JN  POST  3 

ooei 

39 

0017 

JUTS  3 

0002 

3010 

0013 

LI  H *  1C’  LC AC  CMC  into  ljg 

0004 

39 

00  19 

jUTS  9 

COC5 

70 

0020 

SLR 

CrC6 

39 

0021 

OUTS  J 

OC07 

2002 

3022 

LI  H ' C2 ’  SEND  SYNC  PULSE 

0009 

30 

0023 

OUTS  9 

COCA 

70 

CC24 

CL3 

0CC3 

39 

0025 

OUTS  9 

0C26 

* 

ccoc 

1C 

CC27 

POP  POP  SET  ACCR 

0023 

END 

Pape  146 


5CICX  THRESHOLD  SAMPLER.V6 
ERRS  LOC  OBJECT  ADDR  LIME 


SOURCE  STATEMENT 


COCO  0001 

CSET  RCRG  0 

0002 

title  ";u:c:<  threshold  Sampler. 76 

0003 

m 

00C4 

« 

THIS  IS  THE  NEXT  GENERATION  OF  23  ET 

000! 

m 

"10  C I F I  EL  TO  3E  A  RELO  CATA3LE  MODULE. 

0006 

* 

0007 

« 

INTENDED  TO  3E  LIMXED  VI TH  THE  MAIN 

COOS 

m 

CALLING  PROGRAM  OF  THE  ELECTRO -OPT I  CAL 

0009 

* 

PAGE  SCANNER. 

3010 

001  1 

* 

INITIALIZING  IS  ACCOMPLI SHED  IN  THE 

0012 

« 

HAIM  CALLING  PROGRAM.  STARTING  VALUE 

0013 

* 

OF  N  AND  STEP  SUE  (51)  ARE  DETERMINED 

oou 

■ 

AT  THAT  TIME. 

00  IS 

* 

0016 

* 

0017 

* 

VRITTEN  3Y  CAPT  3.C.  STANTON.  9  CUN  32 

0013 

* 

DEBUGGED  FROM  9SET3 .  2  1  CUN  32 

0019 

m 

EDITED  FROM  2SET5 .  21  JULY  32 

CC2C 

m 

0021 

m 

0030  0022 

VCRSET 

E2U 

H'SO  * 

GIG  71  LEG  Cl'JT  “.15ET 

3C02  0023 

CIJT 

ECU 

2 

SAMPLE  PGM  COUNTER 

0003  0024 

STEP 

ECU 

3 

THRS3H0LC  STE?  SUE 

0004  C025 

::u 

SOU 

4 

THr.ESHOLL  HIGH  3YTE 

COOS  0026 

NL 

sou 

c 

THRESHOLD  LOU  3-'TE 

G 

006  0C27 

MTCU 

E3U 

6 

MAX  DIG  VIDEO  HI  s' 

0007  0023 

MTCL 

ECU 

7 

MAX  DIG  VIDEO  LC  3Y 

OOOA  0C29 

HI  HU 

ECU 

10 

MINUEND  HIGH  3YTE 

OOOB  0030 

mi  ml 

T^U 

1  1 

MINUEND  LJV  jv-; 

0C40  CC31 
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EQU 

n  *  40  * 

0032 

« 

0033 

* 

0034 

3l3-.UUU.4i  3M.irUi- - - 

0035 

* 

0036 

*  THIS 

SUBROUTINE  HAS 

PROVISIONS  FOP  A  VAR- 

0037 

*  t  A3LE 

THRESHOLD  STE 

?  SITE  LOADED  IN  =3 

0033 

«  (STEP 

)  .  IT 
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0039 
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TO  3E 

LOADED 

IN  R4.R5  (N  i.  NL) 

0040 

* 

0000 

77 

0041 

LIS 

7 

INITIALIZE 

0001 

52 
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LR 

C  i>i  T  •  H 
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0043 

* 

0002 

203C  ‘ 

0044 

RVC 

LI 

VCR SET 

’ESET 

0CC4 

2713 

0045 
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H  M  3  • 

71  DEC 

C0C6 

70 

CC45 

GLf 
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C’CO^ 

2  "13 

004  7 

r  *  t 
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« 

ore? 

P049 

-4.NL 
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re  On 

C3 

0050 

ni 

ST1F 

Z3H0 LG  U 

CC03 

55 
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VALUE  ONE 

occc 

2712 

OC  22 
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:(•  1  2  ’ 

7053 

L?- 
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L.*-  .* « 
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c 

’.*/  rt 
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2713 

1,05* 

’  i :  ’ 

CO  57 

■ 

0  0  53 
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?  L  “  L'.i 

-  if  “  - 1 

005; 

• 
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2C*.c 

.••0-C 

LI 

5 

oo  |  t 

5  5 
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5 
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:c:c 

£3  MOL  3 

s«-':r-L2?.,  76 

IPS  LOC 

33<J£CT 

A  **  L  H  L  I  -  •  £, 

S3  L“C 

-  3TATS:: 

;e:;t 

0016 

70 

0062 

PLl 

CL?. 

LOOP  UNTIL  FALSE 

0017 

34 

0063 

OUTS 

4 

0013 

A4 

C064 

INS 

4 

0019 

2  101 

0065 

Ml 

H  *  G  1  1 

0013 

94FA 

0016  0066 

SNZ 

?L  1 

0C1D 

70 

0067 

PL2 

CL?. 

LOOP  UNTIL  TRUE 

00 1  £ 

34 

0063 

OUTS 

4 

00 1  F 

A4 

0069 

IMS 

4 

0020 

2101 

0070 

;;i 

H  •  0 1  • 

0022 

34FA 

0010  0071 

5Z 

RL2 

CC72 

a 

0073 

«  STORE 

NSW  7TC  IN  SUBTRAHEND  <K) - 

0074 

• 

0024 

70 

0075 

CL? 

002S 

271  1 

C076 

OUT 

H*  1  1  ‘ 

0027 

26  11 

0077 

IN 

a  •  1 1  • 

C029 

IS 

0C7S 

COM 

302A 

04 

0079 

LP. 

*\U*  A 

0023 

70 

0030 

CL? 

002C 

2710 

0031 

OCT 

H  ‘  1  0  * 

0022 

26  1C 

0032 

IN 

H*  10’ 

0030 

13 

C033 

COM 

0031 

OS 

0034 

LR 

KLj  A 

00*5 

m 

0036 

•  LJ  AS  M 

INC  END 

VI TH  1A 

0C?  7 

* 

0032 

46 

0^4 

L? 

f\* .  *7C  lT 

003  3 

CC39 

LR 

MINIMA 

0034 

47 

G090 

LR 

A,MTCL 

0035 

53 

009  1 

LH 

MI ML* A 

GC92 

m 

0093 

•  5U3 TRACT  FOR 

SIGN  OF 

RESULT - - 

0094 

m 

0036 

01 

0095 

LR 

A,KL 

LOAD  3U3LJV  AND 

0037 

13 

0096 

COM 

COMPLEMENT 

0033 

CB 

0C97 

AS 

MINL 

5U3LJV  *  MIMLOV 

0039 

53 

0C9S 

LR 

MIJJL*  A 

STORE  IN  MIMLOV 

003  A 

4  A 

0099 

LR 

A  j  11 1  ML 

CAR?.V  TO 

0033 

19 

Cl  00 

LMK 

MINIS  I 

003C 

5A 

G  1  0  1 

LR 

MINU* A 

303C 

45 

0102 

LR 

A* MI ML 

ADD  1  TO  MAKE 

0032 

IF 

0103 

INC 

2  *  5  COMPLEMENT 

C03F 

4A 

0104 

LR 

A* Ml MU 

CARRY  TO 

0C40 

19 

0105 

UMK 

mink: 

0041 

SA 

0106 

L? 

MINU.A 

C042 

00 

0  107 

LR 

A,  XU 

LC hZ  3 UbH I  ANL 

GC43 

13 

0103 

COM 

COMPLEMENT 

0044 

CA 

0109 

AS 

M I NU 

3  ljH I  ♦  MINK! 

31  10 

m 

0111 

*  EM tJ  Or 

SU3 TRACT  FOR 

0112 

• 

0045 

5209 

004F  0113 

3C 

SKIP 

0047 

00 

0114 

LH 

A/ XU 

REPLACE  MTC 

C043 

36 

0115 

LH 

MTC  Vt A 

71 TH  NEV  MAXIMUM 

0049 

01 

0116 

LR 

A/ XL 

7TC 

0C4A 

57 

0117 

LR 

MTCL, A 

Oil? 

« 

0043 

44 

0119 

LH 

rW.-lU 

STjr.L  ?i£V 

004C 

06 

0120 

•  p 

•*  '  1  >  rt 

THF2SH0LS  ’’ALUE 

CGaL 

45 

012  1 

LH 

r* »  L  L 

..  j  *  .  ..v;  .  i  C 

0042 

C  7 

Cl  22 

LH 

*  L/  A 
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CUICX  THRESHOLD  SAMPLER, 76 
ERRS  LOC  OBJECT  aDDR  LIME 


N 


W 


* 


source  statems 


Cl  23 

m 

004F 

32 

0124 

SKIP  35  CNT 

COSO 

9431 

0002  0125 

rvc 

0126 

0127 

EM 3  OF  SUBROUTINE  SAMPLE - 

C 1 23 

0129 

DETERMINE  STARTING  VmLUE  OF  MEV  RANGE  OF 

0130 

M  TO  o£  5 A.iP 

0131 

0132 

SUBROUTINE  SUBTRACT--- 

C  1  33 

LOADS  t 

C  1  34 

MINUEND  III  =  IC,  Rl  1 

C.i) 

0135 

SUBTRAHEND  IN  =12,  =13 

CM) 

0136 

RESULT  1 M  ".10,  =11 

CM) 

0137 

0139 

FIRST  LOAD  VALUES - 

0139 

0CS2 

02 

0140 

LR  A, QU 

LO  AL 

00S3 

SA 

0  1  4  1 

L?  MIN'J,  A 

M? 

0C54 

03 

0142 

LR  A, OL 

•  %• 

COSS 

55 

0  143 

LP 

MINUEND 

0144 

* 

CC56 

43 

C14S 

LR  A, STE? 

LOAD  STER 

COST 

G5 

0146 

LP  XL#  A 

i 

ocss 

73 

0147 

CLP 

SUBTRAHEND 

COS'? 

0*4 

0143 

LP  XU, A 

! 

0149 

m 

0150 

* 

THEM  SUBTRACT . . 

0151 

* 

OCSA 

01 

0152 

LR  it#  XL 

LOAD  3U3L0V  AND 

0053 

13 

0153 

COM 

COMPLEMENT 

OCSC 

03 

0154 

AS  l  1 

SUBLOW  •  MIiJLOW 

OOSD 

53 

0155 

LR  11,  A 

STORE  IN  MINLOW 

005E 

9204 

CC63  01*6 

5NC  SSI 

IF  CARRY  THEN 

0060 

4A 

0157 

LR  A,  1  0 

INCREMENT 

0061 

IF 

0153 

INC 

MINHI 

0062 

SA 

0159 

LR  10, A 

0160 

* 

0060 

43 

0161 

53 1  LR  A,  1  I 

ADC  1  TO  MAKE 

0064 

IF 

0152 

INC 

2  '  S  COMPLEMENT 

0065 

53 

0153 

LR  11,  A 

0066 

9204 

0063  0164 

5NC  So 2 

IF  CAPRY  THEM 

0065 

4A 

0165 

LR  A,  1  C 

INCREMENT 

0069 

IF 

0166 

INC 

IIMH! 

0C6A 

5A 

0157 

LR  10, A 

0163 

« 

0063 

00 

Cl  69 

332  LR  «,XU 

L3AL  3V3HI  ANL 

006C 

13 

0170 

COM 

COMPLEMENT 

C06D 

CA 

0171 

AS  10 

3V3HI  *  IIMH I 

CC6E 

SA 

0172 

LR  1 0 , « 

3  TO  Pc.  2  ;J  ttliiHI 

0173 

* 

0174 

M 

FINALLY  STORE  NEW  STARTING  THRESHOLD - 

0175 

* 

0176 

m 

0C6F 

4A 

0177 

LP 

0070 

54 

0173 

LR  MU, A 

C07I 

43 

0179 

LP  hjXINL 

0072 

55 

0130 

LR  ML, A 

0151 

m 

0132 

• 

ALTER  STEP  SITE . 

0133 

m 
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■Wl  c:<  THRESHOLD  SAMPLER, 76 
ERRS  LOC  03JECT  AECR  LIME 


SOURCE  STATEMENT 


0073 

43 

0134 

LR 

A*  STEP  EIVIEE  STS? 

0074 

12 

0135 

SR 

1  SIZE  BY  4 

0075 

12 

0136 

SR 

1 

0076 

53 

0137 

LR 

STEF, A 

0077 

1C 

0133 

pop 

C  1 39 

M 

0190 

0191 

* 

0192 

LIST !  MG  OF  EM  EC  FILE  '  LNKEO  *  •.-HICK  LINKS  TOGETHER 
THE  l ME I VI  DUAL  SOFTWARE  M0CULE3  THAT  FORM  ' SOPS- ' 


LINK 

1 

CLEAR  ORG  C  MAIN4, 10:1 

LI  NK 

1 

FSTL.N,  10  i  1 

LINK 

1 

EM DLL, I  0 i 1 

LINK 

l 

XMITS, 10:1 

LINK 

1 

9 SET  ,10:1 

ASS  Cl 

ZTI 

LINKING  INFORMATION  FOP  ' EG? 
F0RMULAT3-R  LOADER 

SYMBOL  ADDP 

MAIN A  OOCO 

NEXT  ADDR :  0  19A  OCCC 

UNDEF  SYMs 

ENDLN  FSTLN  XMITS  Q 

FOHMULATOR  LOADER 
SYMBOL  ADDR 

FSTLN  0 1 9 A 

NEXT  ADDR:  01  AC  OCOO 
..  NLEF  SYM: 

ENDLN  XMITS  OSET 

FOHMULATOR  LOADER 

SYMBOL  ADDR 

ENDLN  01  AC 

NEXT  ADDR:  0 1  DO  0000 

UNDEF  SYM : 

XMITS  OS  ET 

FOHMULATOR  LOADER 

SYMBOL  ADDR 

XMITS  0  1  DO 

NEXT  ADDR:  0 1 DD  0000 

UNDEF  SYM: 

QSET 

FORMULATOR  LOADER 
SYMBOL  ADD? 

C3ET  0 1 DD 

NEXT  ADD?.:  C2  5  5  CCOO 

UNDEF  CYK: 
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APPENDIX  C 


COMPUTER  SIMULATIONS 

These  simulations  use  the  APL  programs  QSET1  and  QSET2  on 
the  following  page  to  emulate  the  flowchart  of  Figure  5.5.  The 
VTC  data  used  in  the  simulations  were  taken  with  the  scanner  and 
F8  under  operational  conditions  as  noted  in  Table  C.l.  Therefore 
the  simulated  performance  accurately  represents  the  actual 
behavior  of  QSET  when  implemented  with  the  F8  and  incorporated 
with  the  normal  page-scanning  sequence. 

A  few  details  deserve  special  attention  as  one  examines 
these  simulations.  First,  the  smallest  step  size  of  QSET1  is  S4 
=  2  whereas  the  smallest  step  size  of  QSET2  is  S4  =  1.  In  other 
words,  QSET1  is  fundamentally  limited  to  only  being  able  to 
pinpoint  Np  (the  value  of  N  producing  the  peak  of  the  VTC  curve, 
MTC)  within  an  error  of  one  millivolt.  For  this  reason,  errors 
of  one  millivolt  with  QSET1  are  ignored  when  comparing  QSET1  to 
QSET2  in  Table  C.3.  Next,  errors  in  the  value  of  N  are  signed. 
If  QSET  produced  an  N-value  less  than  the  actual  value  of  Np, 
then  the  error  is  negative  (A),  and  if  the  QSET  result  is  greater 
than  the  actual  value  of  Np,  then  the  error  is  positive. 
However,  it  is  more  significant  to  ignore  the  sign  and  evaluate 
the  MAGNITUDE  of  the  QSET  error  since  this  will  reveal 
information  on  how  far  QSET  "misses"  the  actual  VTC  peak,  or 
equivalently,  how  far  from  optimum  the  threshold  will  be  set  due 
to  sampling  error.  Finally  it  is  important  to  understand  that 
the  QSET  algorithm  was  designed  to  find  the  peak  of  a  relatively 
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smooth  discrete  curve  with  only  one  obvious  maximum.  But  some  of 
the  data  sets  used  in  the  simulations  have  much  different 
characteristics,  and  it  is  instructive  to  note  the  behavior  of 
the  QSET  algorithm  in  these  situations. 

The  VTC  data  sets  can  be  grouped  into  three  general 
categories:  (I)  data  sets  using  ECP  A  under  normal  conditions; 
(II)  data  sets  using  ECP  A  under  abnormal  conditions;  and  (III) 
data  sets  using  other  ECPs  under  normal  conditions.  Table  C.2 
lists  the  data  sets  belonging  to  each  group,  and  Table  C.3 
summarizes  the  results  of  the  simulation  data.  Although  the  data 
base  is  relatively  small  due  to  time  constraints  in  this 
research,  a  few  significant  trends  can  still  be  identified. 
Notice  first  that  the  performance  of  both  QSET1  and  QSET2  are 
identical  for  Category  I  data  sets.  Looking  at  the  individual 
simulations  reveals  that  the  same  errors  occurred  mainly  due  to 
similar  multiples  in  the  samples  taken.  Also,  the  largest  error 
occurred  with  data  set  A6232  which  had  an  abnormal  shape.  And  in 
general,  it  is  important  to  realize  that  sampling  errors  are  a 
product  of  the  uncertainty  in  the  VTC  curve  itself. 

The  performance  with  Category  II  data  is  a  perfect  example 
of  the  problem  discussed  in  Chapter  5  concerning  the  occasion 
when  the  range  of  significant  VTC  information  (RV)  is  smaller 
than  the  initial  step  size  (SI).  By  examining  the  QSET1 
simulations  with  data  sets  A606A  and  A606D,  it  can  be  seen  that 
the  algorithm  will  "freeze"  on  the  initial  sample  because  no 
significant  VTC  data  is  ever  encountered.  Recall  however  that 
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QSET2  was  designed  to  overcome  this  specific  problem,  and  as 
noted  in  the  simulation  results,  its  performance  is  excellent. 

QSET  evaluations  with  Category  III  data  sets  are  more  for 
example  of  the  dependence  of  the  algorithm  on  a  properly  shaped 
VTC  curve.  As  discussed  in  Chapter  3,  the  CALIBRATION  PATTERN 
must  produce  a  VTC  curve  whose  peak  is  at  the  value  of  N  giving 
the  optimum  resolution  in  the  scanner's  output.  While  both 
algorithms  faithfully  locate  the  peaks  in  data  sets  B6062,  C6062, 
and  D6062,  remember  that  these  data  sets  are  generated  from 
constant-frequency  ECPs  that  give  erroneous  VTC  maximums.  The 
large  sampling  errors  occurring  with  data  sets  E6062  and  F6062 
are  due  to  the  significant  ambiguities  present  in  these  VTC 
curves.  Therefore  it  can  be  seen  that  ATC  performance  in  general 
will  be  extremely  unpredictable  when  scanning  anything  other  than 
the  proper  CALIBRATION  PATTERN. 


Page  1 5^ 


TABLE  C.l 


VIDEO  TRANSITION  COUNT 
DATA  SETS 


DATA  CODE  KEY: 

First  character: 

Second  character: 

Third  and  fourth  character: 
Fifth  character: 


Indicates  ECP  used 
Indicates  month  data  taken 
Indicates  day  data  taken 
Indicates  run  on  given  day 


DATA  CODE 


REMARKS 


A5261 

A6061 

A6062 

B6062 

C6062 

D6062 

E6062 

F6062 

A6063 

A6064 

A6066 

A606A 

A606D 

A6071 

A6072 

A6073 

A6074 

A6075 

A6231 

A6232 

A6233 


Old  green  fluorescents  used 
Old  soft  white  fluorescents  used 
Old  cool  white  fluorescents  used 
Old  cool  white  fluorescents  used 
Old  cool  white  fluorescents  used 
Old  cool  white  fluorescents  used 
Old  cool  white  fluorescents  used 
Old  cool  white  fluorescents  used 
Old  warm  white  fluorescents  used 
Only  one  warm  white  fluorescent  used 
Old  cool  white  fluorescents  used; 
Yellow  paper  used  as  background 
Old  cool  white  fluorescents  used; 

Red  paper  used  as  background 
Old  cool  white  fluorescents  used; 
Navy  blue  paper  used  as  background 
Old  cool  white  fluorescents  used 
Same  conditions  as  A6071; 

5  minutes  later 

Same  conditions  as  A6072; 

5  minutes  later 

Same  conditions  as  A6073; 

5  minutes  later 

Same  conditions  as  A6074; 

5  minutes  later 

New  green  fluorescents  used 

New  cool  white  fluorescents  used 

New  warm  white  fluorescents  used 


Page  155 


TABLE  C.2 


DATA  SET  GROUPINGS 

Category  I  Category  II  Category  III 


A5261 

A6061 

A6062 

A6063 

A6071 

A6072 

A6073 

A6074 

A6075 

A6231 

A6232 

A6233 


A6064 

A6066 

A606A 

A606D 


B6062 

C6062 

D6062 

E6062 

F6062 


TABLE  C. 3 

STATISTICAL  SUMMARY  OF  QSET  PERFORMANCE 


CAT  I 

CAT  II 

CAT  III 

Occurrences  of  Errors 
with  QSET1  (>  1  millivolt) 

25% 

50% 

40% 

Occurrences  of  Errors 
with  QSET2  (>  0  millivolt) 

25% 

0% 

40% 

Expected  Value  of  Error 
with  QSET1  (mV) 

3.25 

92.0 

24.4 

Standard  Deviation  of 

Error  with  QSET1  (mV) 

7.62 

106.3 

35.3 

Expected  Value  of  Error 
with  QSET2  (mV) 

3.25 

0.0 

22.2 

Standard  Deviation  of 

Error  with  QSET2  (mV) 

7.62 

0.0 

35.7 
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QSET1  A5261 


N 

VTC 

128 

1 

236 

1 

384 

190 

512 

0 

640 

0 

763 

0 

896 

0 

N 

VTC 

288 

4 

320 

126 

352 

253 

384 

190 

416 

71 

4-°F 

3 

480 

0 

N 

VTC 

328 

169 

336 

210 

344 

222 

352 

253 

360 

244 

368 

226 

376 

215 

N 

VTC 

34o 

22  6 

348 

241 

350 

254 

352 

253 

354 

255 

356 

246 

358 

244 

PASS  1 


PASS  2 


PASS  3 


PASS  4 


ACCOROINC  TO  GSET1 .  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  =  354 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  334 


0SET2 

A5261 

N 

VTC 

192 

i 

256 

i 

320 

126 

384 

190 

448 

3 

512 

0 

576 

0 

PASS  2 


N 

VTC 

336 

210 

352 

253 

368 

226 

384 

190 

400 

121 

416 

71 

432 

20 

PASS  3 


N 

VTC 

340 

216 

344 

222 

348 

241 

352 

253 

356 

246 

360 

244 

364 

22  B 

N 

VTC 

349 

247 

350 

254 

351 

242 

352 

253 

353 

243 

354 

255 

355 

247 

ACCORDING  TO  OSET? .  THE 
THRESHOLD  VALUE  PRODUCING 
THE  PEAK  OF  THE  VTC  CURVE  IS  N 


ERROR  FROM  CORRECT  N  ISS  0 


ACTUAL  VTC  PEAK  OCCURRED  AT  N 


ERROR  FROM  CORRECT  N  IS:  0 
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DC 


M 


GSET1  A6061 


-PASS  1 


VTC 


128 

1 

256 

1 

384 

113 

512 

121 

640 

0 

768 

0 

896 

0 

N 

VTC 

416 

157 

4«8 

176 

480 

149 

512 

121 

544 

47 

576 

39 

608 

0 

N 

_ _ _  _ 

VTC 

424 

180 

432 

137 

440 

183 

448 

176 

456 

172 

4*4 

161 

a“T2. 

154 

_ _ 

N 

VTC 

436 

178 

428 

179 

430 

200 

432 

187 

434 

180 

436 

177 

438 

181 

PASS  2 


PASS  3 


PASS  4 


ACCORDING  TO  GSET1 ,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  =  430 


ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  430 
ERROR  FROM  CORRECT  N  IS!  0 


QSET2 

A6061 

N 

VTC 

192 

1 

256 

1 

320 

6 

384 

113 

448 

176 

512 

121 

■  576 

39 

LJ  1  W  «■>  v' 

N 

VTC 

400 

140 

416 

157 

432 

187 

448 

174 

46° 

161 

480 

140> 

494 

144 

••as:;  c 


N 

VTC 

420 

168 

424 

180 

428 

179 

432 

187 

436 

177 

440 

183 

444 

185 

N 

VTC 

429 

184 

430 

200 

431 

185 

43? 

187 

433 

185 

434 

180 

435 

181 

ACCORDING  TO  0SET2 ,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  ^  430 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  430 

ERROR  FROM  CORPEC r  N  IE?  0 
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GSET1  A6062 


-  - - — 

- PASS 

N 

VTC 

128 

1 

256 

1 

384 

130 

512 

117 

640 

0 

763 

0 

896 

0 

PASS  2 


N 

VTC 

298 

1 

320 

24 

352 

82 

384 

190 

416 

197 

448 

1S2 

480 

150 

— 

- PASS 

VTC 

392 

139 

4  tS  0 

152 

4  08 

t84 

416 

197 

424 

197 

432 

185 

440 

181 

N 

VTC 

410 

189 

412 

198 

41.4 

194 

416 

197 

418 

206 

420 

207 

422 

204 

QSET2  A60  62 
- PASS  1 


N 

VTC 

192 

1 

256 

1 

320 

24 

384 

130 

448 

182 

512 

117 

57  6 

-*> 

i- 

PASS  2  • 


N 

VTC 

400 

152 

416 

197 

432 

185 

448 

183 

464 

167 

480 

150 

196 

138 

N 

VTC 

404 

162 

408 

184 

412 

198 

416 

197 

420 

207 

424 

197 

428 

192 

N 

VTC. 

417 

197 

418 

206 

419 

208 

420 

207 

421 

205 

422 

204 

423 

197 

ACCORDING  TO  QSET1 ,  THE  ACCORDING  TO  C1SF.T2,  THE 

THRESHOLD  VALUE  PRODUCING  THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  =  420  THE  PEAK  OF  THE  VTC  CURVE  IS  N 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  419  ACTUAL  VTC  PEAK  OCCURRED  AT  N 


ERROR  FROM  CORRECT  N  ISS  1 


ERROR  FROM  CORRF.CT  N  IS!  0 


QSET1  A6063  QSET2  A6063 


- PASS 

1 

- PASS 

1 

N 

VTC 

N 

VTC 

128 

1 

192 

1 

256 

1 

256 

1 

384 

168 

320 

45 

512 

53 

384 

168 

640 

0 

448 

153 

768 

0 

512 

53 

896 

0 

.  576 

0 

_ PASS 

•y 

• 

2 

N 

VTC 

N 

VTC 

288 

1 

336 

85 

320 

45 

352 

109 

352 

109 

368 

131 

384 

168 

384 

16R 

416 

134 

400 

1  9P 

443 

153 

416 

134 

430 

117 

432 

166 

3 

0 

N 

VTC 

N 

VTC 

392 

193 

383 

173 

400 

192 

392 

193 

403 

205 

396 

202 

416 

184 

400 

192 

424 

168 

404 

202 

432 

166 

408 

205 

440 

161 

412 

- 

- PASS 

4 

N 

VTC 

N 

VTC 

402 

204 

409 

198 

404 

202 

410 

200 

406 

197 

411 

189 

408 

205 

412 

207 

410 

200 

413 

18? 

412 

207 

414 

188 

414 

188 

415 

183 

ACCORDING  TO  QSET1,  THE  ACCORDING  TO  GSET2,  THE 

THRESHOLD  VALUE  PRODUCING  THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OP  THE  VTC  CURVE  IS  N  =  412  THE  PEAK  OF  THE  VTC.  CURVE  IS  N  *  1 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  407  ACTUAL  VTC  PEAK  OCCURRED  AT  N  MO 

ERROR  FROM  CORRECT  N  IS!  5  ERROR  FROM  CORRECT  N  IS:  5 
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0SET1  A6064 


QSET2  A6Q64 


- PASS 

1 

N 

VTC 

N 

VTC 

192 

1 

123 

1 

256 

1 

236 

1 

320 

157 

384 

35 

384 

35 

512 

0 

448 

0 

640 

0 

512 

0 

768 

0 

576 

0 

396 

0 

- PASS 

n 

• 

N 

VTC 

N 

VTC 

272 

1 

288 

1 

288 

1 

320 

157 

304 

74 

352 

164 

320 

157 

384 

35 

336 

206 

416 

0 

352 

164 

448 

0 

368 

110 

4S0 

0 

— 

- PASS 

3 

N 

VTC 

N 

VTC 

324 

149 

328 

174 

328 

174 

336 

206 

332 

179 

344 

189 

336 

206 

352 

164 

340 

202 

360 

137 

344 

189 

348 

110 

348 

175 

3/*  6 

38 

- PASS 

4 

N 

VTC 

N 

VTC 

333 

192 

330 

186 

334 

198 

332 

179 

335 

192 

334 

198 

336 

206 

336 

206 

337 

198 

338 

211 

338 

211 

340 

202 

339 

203 

342 

193 

PASS  1 


PASS  2 


C’ASS  3 


PASS  4 


ACCORDING  TO  0SET2 ,  THE 

ACCORDING  TO  QSET1 ,  THE  THRESHOLD  VALUE  PRODUCING 

THRESHOLD  VALUE  PRODUCING  THE  PEAK  OF  THE  VTC  CURVE  IS  N 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  =  338 


ACTUAL  VTC  PEAK  OCCURRED  AT  N 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  »  338 


ERROR  FROM  CORRECT  N  IS: 


ERROR  FROM  CORRECT  N  IS'.  0 


*  330 
=  338 
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QSET1  A6066 


QSET2  A6U66 


- PASS  1 

N  VTC 

123  1 

236  1 

384  154 

512  1 

640  0 

768  0 

896  0 

- PASS  2 

N  VTC 

288  1 
320  63 

332  179 

384  154 

416  119 

4-»8  87 

430  16 

- PASS  3 

N  VTC 

328  103 

336  133 

344  175 

352  179 

360  177 

363  164 

376  162 

- PASS  4 

N  VTC 

346  167 

348  174 

350  177 

352  179 

354  180 

356  173 

358  172 


ACCORDING  TO  OSET1,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  *  334 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  -  353 

ERROR  FROM  CORRECT  N  IS!  1 


- PASS  1 

N  VTC 

192  1 

256  1 

320  63 

384  154 

448  87 

512  1 

576  0 

- PASS  2 

N  VTC 

336  135 

332  17? 

368  164 

384  154 

400  147 

416  119 

432  105 

- PASS  “ 

N  VTC 

340  159 

344  175 

349  174 

352  179 

356  173 

360  177 

364  169 

- PASS  4 

N  VTC 

349  171 

350  177 

351  166 

352  179 

353  185 

354  180 

355  179 


ACCORDING  TO  OSET2 ,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  *  353 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  *  353 

ERROR  FROM  CORRECT  N  IS!  0 


I 
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QSET1  A606A 


I 


I 


N 

VTC 

128 

1 

256 

1 

384 

0 

512 

0 

640 

0 

768 

0 

896 

0 

N 

VTC 

32 

1 

64 

1 

96 

1 

128 

l 

160 

1 

192 

1 

224 

1 

N 

VTC 

104 

1 

112 

1 

120 

l 

128 

1 

136 

1 

144 

1 

152 

1 

N 

VTC 

122 

1 

124 

1 

126 

1 

128 

1 

130 

1 

132 

1 

134 

1 

PASS  1 


GSET2  A6C6A 


PASS  2 


PASS  3 


PASS  4 


N 

VTC 

192 

1 

256 

1 

320 

18R 

384 

0 

448 

0 

512 

0 

576 

0 

N 

VTC 

272 

1 

288 

1 

304 

54 

320 

188 

336 

131 

352 

58 

368 

J 

N 

VTC. 

308 

109 

312 

171 

316 

194 

320 

188 

324 

183 

328 

147 

332 

152 

N 

VTC 

313 

192 

314 

198 

315 

193 

316 

194 

317 

194 

318 

199 

319 

192 

ACCORDING  TO  QSET1 ,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  *  12S 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  *  318 

ERROR  FROM  CORRECT  N  IS!  *190 


PASS  1 


PASS  2 


PASS  3 


PASS  4 


ACCORDING  TO  QSET2 ,  THE 
THRESHOLD  VALUE  PRODUCING 
THE  PEAK  OF  THE  VTC  CURVE  IS  N 

ACTUAL  VTC  PEAK  OCCURRED  AT  N 

ERROR  FROM  CORRECT  N  IS*.  0 


=  310 

310 
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USET1  A606D 


QSET2  A606D 


- PASS  1 

- PASS 

N 

VTC 

N 

VTC 

123 

1 

192 

1 

236 

1 

236 

1 

384 

0 

320 

145 

312 

0 

384 

0 

640 

0 

448 

0 

768 

0 

512 

0 

896 

0 

576 

0 

DACC  7 

~ 1  AbS 

H 

VTC 

N 

VTC 

32 

1 

272 

1 

64 

1 

288 

1 

96 

1 

304 

2.9 

12F 

1 

320 

145 

160 

1 

336 

Oe- 

192 

1 

352 

1 

2?*> 

l 

368 

0 

_ pACC  *3 

N 

VTC 

N 

VTC 

104 

1 

3 

112 

V 

296 

26 

120 

l 

300 

97 

128 

1 

304 

21 B 

136 

1 

308 

200 

144 

l 

312 

155 

13? 

l 

316 

182 

— — — PASS 

N 

VTC 

N 

VTC 

122 

1 

301 

146 

124 

1 

302 

190 

126 

1 

303 

IBS 

129 

l 

304 

21B 

130 

1 

305 

198 

132 

l 

306 

231 

134 

1 

307 

217 

ACCORDING  TO  QSET1 »  THE  ACCORDING  TO  QSET2,  THE 

THRESHOLD  VALUE  PRODUCING  THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OE  THE  VTC  CURVE  IS  N  =  128  THE  PEAK  OF  THE  VTC  CURVE  IS  N  ~  30 A 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  306  ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  306 

ERROR  PROM  CORRECT  N  IS5  A17S  ERROR  FROM  CORRECT  N  IS:  0 


Page  l 73 


QSET1  A6071 


0SET2  A6071 


- PASS 

1 

- PASS 

N 

VTC 

N 

VTC 

128 

1 

192 

1 

236 

1 

236 

1 

384 

120 

320 

4 

512 

41 

384 

120 

640 

0 

448 

157 

768 

0 

512 

41 

896 

0 

576 

0 

N 

VTC 

N 

VTC 

288 

1 

400 

179 

320 

4 

416 

199 

352 

67 

432 

176 

384 

120 

448 

157 

416 

199 

464 

132 

443 

157 

480 

101 

480 

101 

496 

75 

n 

N 

VTC 

N 

VTC 

392 

144 

404 

190 

400 

179 

408 

193 

408 

193 

412 

204 

416 

199 

416 

199 

424 

190 

420 

200 

432 

176 

424 

190 

440 

163 

428 

182 

- PASS 

N 

VTC 

N 

VTC 

410 

204 

409 

202 

412 

204 

410 

204 

414 

208 

411 

206 

416 

199 

412 

204 

418 

204 

413 

203 

420 

200 

414 

208 

422 

187 

415 

198 

ACCORDING  TO  QSET1 ,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OP  THE  VTC  CURVE  IS  N  =  414 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  414 

ERROR  FROM  CORRECT  N  IS J  0 


ACCORDING  TO  C1SET2,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  -  •«  14 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  *  414 

ERROR  FROM  CORRECT  N  IS!  0 


Paee  175 


r 


P 


QSETl  A6073 
- PASS  1 


QSET2  A6073 
- PASS  1 


k 

' 

N 

VTC 

128 

l 

236 

1 

! 

38* 

169 

312 

7 

6*0 

0 

768 

0 

396 

0 

___CAOC 

r  nbb 

1 

N 

VTC 

288 

2 

320 

6 

352 

87 

38* 

169 

*16 

185 

**8 

1*0 

*80 

73  . 

t- 

- — — r  Hot) 

N 

VTC 

392 

196 

■’ 

*00 

197 

i 

*08 

177 

.  j 

*16 

185 

*2* 

170 

*32 

13* 

**0 

1*9 

_ _ C*  A  C  C 

1 

N 

»  Hot) 

VTC 

i  *. 

39* 

192 

> 

396 

195 

398 

189 

*00 

197 

\ 

*02 

196 

J 

*0* 

19* 

L 

*06 

192 

N  VTC 


192 

1 

236 

1 

320 

6 

38* 

169 

**8 

1*0 

512 

7 

376 

0 

N 

VTC 

336 

68 

352 

87 

368 

123 

38* 

169 

*00 

197 

*16 

183 

*32 

15* 

PASS 


N 

VTC 

383 

193 

392 

196 

396 

195 

*00 

197 

*0* 

19* 

*08 

197 

*12 

IB* 

PASS 


N 

VTC 

397 

19* 

398 

189 

399 

192 

*00 

197 

*01 

199 

*02 

196 

*03 

196 

* 


ACCORDING  TO  QSETl,  THE  ACCORDING  TO  QSET2 ,  THE 

THRESHOLD  VALUE  PRODUCING  THRESHOLD  VALUE  PRODUCING 

THE  PEAK.  OF  THE  VTC  CURVE  IS  N  =  *00  THE  PEAK  OF  THE  VTC  CURVE  IS  N 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  *01  ACTUAL  VTC  PEAK  OCCURRED  AT  N 

ERROR  FROM. CORRECT  N  IS?  A1  ERROR  FROM  CORRECT  N  IS!  0 


=  *01 
=  *01 


Paee  179 


0SET1  A6074 
- PASS  1 


N 

VTC 

£S 

1 

384 

163 

512 

3 

MO 

0 

768 

0 

896 

0 

N 

VTC 

288 

1 

320 

3 

352 

103 

384 

163 

416 

184 

448 

138 

480 

65 

PASS  3 


N 

VTC 

392 

201 

400 

199 

408 

185 

416 

184 

424 

158 

432 

162 

440 

143 

PASS  A 


N 

VTC 

386 

167 

388 

185 

390 

185 

392 

201 

394 

193 

396 

194 

398 

192 

ACCORDING  TO  QSET1 ,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  =  392 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  392 

ERROR  FROM  CORRECT  N  ISS  0 


QSET2  A6074 
- PASS  1 


N 

VTC 

192 

1 

256 

1 

320 

8 

384 

163 

448 

138 

512 

3 

576 

0 

PASS  7. 


N 

VTC 

336 

63 

352 

103 

368 

120 

384 

163 

400 

199 

416 

184 

432 

162 

PASS  3 


N 

VTC 

383 

185 

392 

201 

396 

194 

400 

199 

404 

189 

408 

185 

412 

139 

FASS  4 


N 

VTC 

389 

196 

390 

135 

391 

193 

392 

201 

393 

192 

394 

193 

395 

198 

ACCORDING  TO  0SET2 ,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  =  3® 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  ■-*  392 

ERROR  FROM  CORRECT  N  IS:  0 


Faee  l8l 


QSET1  A6075 
- PASS  1 


N 

VTC 

128 

1 

256 

1 

38A 

1A7 

512 

A1 

6A0 

0 

768 

0 

896 

0 

PASS  2 


N 

VTC 

289 

3 

320 

7 

352 

81 

38A 

1A7 

A16 

190 

AA8 

1 A6 

A80 

101 

PASS  3 


N 

VTC 

392 

192 

A0  0 

190 

A03 

191 

A16 

190 

A2A 

177 

A32 

173 

AAO 

153 

"  r  HOO 

N 

VTC 

A02 

202 

AOA 

20  A 

A06 

197 

A08 

191 

A10 

203 

A12 

202 

A1A 

196 

QSET2  A6075 
- PASS  1 


N 

VTC 

192 

1 

256 

1 

320 

7 

38A 

1A7 

AA8 

1A6 

512 

A1 

57  6 

0 

_ 

N 

VTC 

336 

63 

352 

81 

368 

115 

38A 

1A7 

A00 

190 

A16 

190 

A32 

173 

PASS  3 


N 

VTC 

388 

161 

392 

182 

396 

190 

A00 

190 

AOA 

20  A 

A08 

191 

A12 

202 

■PASS  A 


N 

VTC 

AO  1 

197 

A02 

202 

A03 

208 

AOA 

20  A 

AOS 

19A 

A06 

197 

A07 

195 

ACCORDING  TO  QSET1 ,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  >  AO A 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  *  AO 3 

ERROR  FROM  CORRECT  N  IS!  1 


ACCORDING  TO  0SET2 ,  THE 
THRESHOLD  VALUE  PRODUCING 
THE  PEAK  OF  THE  VTC  CURVE  IS  N 

ACTUAL  VTC  PEAK  OCCURRED  AT  N 

ERROR  FROM  CORRECT  N  IS:  0 


-  A03 
=  A  ll  3 


Page  183 


QSET1  B6062  GSET2  B6062 


-rnoa 

k 

- PASS 

1 

N 

VTC 

N 

VTC 

128 

1 

192 

1 

256 

1 

256 

1 

384 

400 

320 

151 

512 

3 

384 

400 

640 

0 

448 

366 

768 

0 

512 

3 

896 

0 

576 

0 

n 

- PASS 

- 

N 

VTC 

N 

VTC 

288 

1 

336 

428 

320 

151 

352 

416 

352 

416 

368 

405 

394 

400 

384 

40(1 

416 

334 

400 

400 

443 

366 

416 

384 

480 

81 

432 

387 

- PASS 

3 

F  ASS 

3 

N 

VTC 

N 

VTC 

329 

260 

324 

213 

336 

428 

328 

26  0 

344 

437 

332 

360 

352 

416 

336 

428 

360 

406 

340 

437 

368 

405 

344 

437 

376 

395 

348 

424 

- - PASS 

4 

- PASS 

N 

VTC 

N 

VTC 

338 

438 

337 

430 

340 

437 

338 

438 

342 

452 

339 

453 

344 

437 

340 

437 

346 

432 

341 

451 

348 

424 

342 

452 

350 

420 

343 

456 

ACCORDING  TO  QSET1 ,  THE  ACCORDING  TO  GSET2 ,  THE 

THRESHOLD  VALUE  PRODUCING  THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  *  342  THE  PEAK  OF  THE  VTC  CURVE  IS  N 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  343  ACTUAL  VTC  PEAK  OCCURRED  AT  N 

ERROR  FROM  CORRECT  N  IS!  A1  ERROR  FROM  CORRECT  N  IS J  0 


=  34: 
=  343 


Paee  185 


QSET1  C6062 
- PASS  1 


N  VTC 


128 

1 

256 

1 

33* 

210 

512 

58 

6*0 

0 

768 

0 

896 

0 

r  Hv)«D  i— 

N 

VTC 

288 

1 

320 

255 

352 

212 

33* 

210 

*1  6 

205 

**8 

213 

*30 

19* 

I  HOkl  J 

N 

VTC 

296 

12 

30* 

97 

312 

219 

320 

255 

328 

2*2 

336 

220 

3** 

223 

— 

- PASS  * 

N 

VTC 

31* 

231 

316 

261 

318 

259 

320 

255 

322 

253 

32* 

2*3 

326 

237 

ACCORDING  TO  OSET1,  THE 
THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  =  316 
ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  316 
ERROR  FROM  CORRECT  N  IS  5  0 


Paee 


QSET2  C6062 
- PASS  1 


N 

VTC 

192 

1 

256 

1 

320 

255 

38* 

210 

**8 

213 

512 

53 

576 

0 

PASS  .2 


N 

VTC 

272 

1 

288 

1 

30* 

97 

320 

255 

336 

220 

352 

212 

368 

213 

PASS  3 


N 

VTC 

308 

1** 

312 

219 

316 

261 

320 

255 

32* 

2*3 

328 

2*2 

332 

23* 

PASS  * 


N 

VTC 

313 

226 

31* 

231 

315 

2*0 

316 

261 

317 

255 

318 

259 

319 

2*5 

ACCORDING  TO  0SET2 ,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  --  316 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  316 

ERROR  FROM  CORRECT  N  IS?  0 


187 


CJSET1  06062 

QSET2 

06062 

-  —PASS  1 

N 

VTC 

N 

VTC 

128 

1 

192 

1 

256 

1 

256 

1 

384 

43 

320 

53 

512 

58 

384 

43 

640 

0 

448 

46 

768 

0 

517 

58 

896 

0 

57  6 

0 

- F  mSS 

N 

VTC 

N 

VTC 

416 

46 

464 

58 

448 

46 

480 

49 

480 

49 

496 

50 

512 

58 

512 

58 

544 

0 

528 

46 

576 

0 

544 

0 

608 

0 

560 

n 

■  —  F ASS 

N 

VC 

N 

VTC 

438 

51 

50  0 

46 

496 

50 

504 

53 

504 

53 

508 

51 

512 

58 

512 

58 

520 

60 

516 

57 

528 

46 

520 

60 

536 

31 

- PASS 

524 

80 

N 

VTC 

N 

VTC 

514 

45 

521 

65 

516 

57 

522 

72 

518 

71 

523 

75 

520 

60 

524 

80 

522 

72 

525 

55 

524 

80 

526 

53 

526 

53 

527 

49 

ACCORDING  TO  GSET1 ,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  =  5Z4 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  52* 

ERROR  FROM  CORRECT  N  IS*.  0 


ACCORDING  TO  QSET3 ,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK.  OF  THE  VTC.  CURVE  IS  N  = 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  =  524 

ERROR  FROM  CORRECT  N  IS:  0 


pq  7  o 


QSET1  E6062 


QSET2  E6062 


N 

- PASS  1 

VTC 

N 

- PASS  1 

VTC 

128 

1 

192 

1 

236 

1 

256 

1 

389 

83 

320 

17 

312 

99 

389 

83 

690 

0 

998 

90 

768 

0 

312 

99 

896 

0 

376 

28 

...-PAQR  •> 

“ r  hoS 

N 

VTC 

N 

VTC 

916 

86 

969 

86 

998 

90 

980 

86 

980 

86 

996 

86 

512 

99 

512 

99 

599 

79 

328 

89 

576 

28 

599 

79 

608 

0 

560 

83 

PASS  3  - PASS  3 


N 

VTC 

N 

VTC 

988 

91 

500 

90 

996 

86 

309 

83 

309 

83 

508 

87 

312 

99 

512 

99 

520 

82 

516 

89 

528 

89 

J20 

82 

336 

90 

_ — PASS  9 

329 

79 

-’-"“PASS  ^ 

N 

VTC 

N 

VTC 

506 

95 

509 

88 

508 

87 

510 

86 

310 

86 

511 

97 

312 

99 

512 

99 

319 

85 

513 

88 

516 

89 

319 

85 

318 

83 

315 

87 

ACCORDING  TO  QSET1,  THE  ACCORDING  TO  OSETZ,  THE 

THRESHOLD  VALUE  PRODUCING  THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  -  306  THE  PEAK  OF  THE  VTC  CURVE  IS  N  -  511 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  -  *29  ACTUAL  VTC  PEAK  OCCURRED  AT  N  «  929 

ERROR  FROM  CORRECT  N  IS 5  77  ERROR  FROM  CORRECT  N  ISI  82 


Page  191 


£6062 


Q3ET1  F6062 


QSET2  F6062 


- PASS  1 


N 

VTC 

128 

1 

236 

1 

38A 

39 

312 

50 

6A0 

3 

768 

0 

896 

0 

N 

VTC 

A16 

56 

AA8 

58 

A80 

37 

312 

SO 

SAA 

A1 

576 

31 

608 

17 

N 

VTC 

A2A 

62 

A32 

38 

AAO 

62 

AA8 

38 

AS6 

S3 

A6A 

56 

A72 

62 

N 

VTC 

A18 

38 

A20 

62 

A22 

61 

A2A 

62 

A26 

39 

A28 

36 

A30 

38 

PASS  2 


PASS  3 


PASS  A 


- PASS  1 


N  VTC 


192 

1 

256 

1 

320 

23 

38A 

39 

AA8 

58 

512 

SO 

576 

31 

-PASS  2 


N 

VTC 

A00 

A7 

A16 

36 

A32 

58 

AA8 

38 

A6A 

56 

A80 

57 

A96 

59 

PASS  3 


N 

VTC 

ASA 

53 

A88 

3A 

A9Z 

5A 

A96 

39 

300 

61 

50A 

36 

508 

53 

PASS  A 


N 

VTC 

A97 

37 

A98 

63 

A99 

61 

500 

61 

501 

57 

302 

58 

303 

56 

ACCORDING  TO  QSET1 t  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  -  A2A 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  -  A69 

ERROR  FROH  CORRECT  N  181  AA5 


ACCORDING  TO  0SET2,  THE 
THRESHOLD  VALUE  PRODUCING 
THE  PEAK  OF  THE  VTC  CURVE  IS  N 

ACTUAL  VTC  PEAK  OCCURRED  AT  N 

ERROR  FROM  CORRECT  N  IS!  29 


a  *98 
-  A69 


Pase  193 


Q8ET1  A 62 31 


GSET2  A6231 


N 

VTC 

128 

1 

256 

1 

384 

155 

512 

129 

640 

0 

768 

0 

896 

0 

N 

VTC 

288 

1 

320 

52 

352 

102 

384 

155 

416 

195 

448 

170 

480 

146 

N 

VTC 

392 

169 

400 

186 

408 

193 

416 

195 

424 

195 

432 

186 

440 

178 

N 

VTC 

410 

190 

412 

189 

414 

191 

416 

195 

418 

197 

420 

198 

422 

194 

PASS  1 


-PASS  1 


PASS  2 


PASS  3 


PASS  4 


N 

VTC 

192 

1 

256 

1 

320 

52 

384 

155 

448 

170 

512 

129 

576 

4 

N 

VTC 

400 

186 

416 

195 

432 

186 

448 

170 

464 

163 

480 

146 

496 

151 

N 

VTC 

404 

192 

408 

193 

412 

189 

416 

195 

420 

198 

424 

195 

428 

193 

N 

VTC 

417 

192 

418 

197 

419 

195 

420 

198 

421 

195 

422 

194 

423 

194 

ACCORDING  TO  QSET 1 ,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  -  420 


ACCORDING  TO  QSET2 ,  THE 

THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  »  420 


ACTUAL  VTC  PEAK  OCCURRED  AT  N  -  420  ACTUAL  VTC  PEAK  OCCURRED  AT  N  *  420 


ERROR  FROM  CORRECT  N  IS(  0 


ERROR  FRON  CORRECT  N  IS:  0 


Page  195 


Q8CT1 

A6232 

Q8ET2  A6232 

i 

»“*“rW5  \ 

N 

VTC 

N 

VTC 

128 

1 

142 

1 

256 

1 

256 

1 

M* 

153 

320 

*6 

512 

101 

38* 

153 

641 

0 

*48 

169 

765 

0 

512 

101 

•46 

0 

576 

9 

9 

- PASS  2- 

N 

VTC 

N 

VTC 

299 

1 

*00 

166 

320 

*6 

*16 

178 

352 

41 

*32 

175 

3S* 

153 

**B 

169 

*16 

178 

*6* 

173 

**8 

169 

*80 

153 

*80 

153 

*96 

123 

3 

N 

VTC 

N 

VTC 

392 

157 

*0* 

169 

*00 

166 

*08 

177 

*08 

177 

*12 

179 

*16 

178 

*16 

178 

*2* 

181 

*20 

173 

*32 

175 

*24 

181 

**0 

167 

*28 

177 

4 

••“••PASS  9 

N 

VTC 

N 

VTC 

*18 

17* 

*21 

180 

*20 

173 

*22 

178 

*22 

178 

*23 

179 

*2* 

181 

*2* 

181 

*26 

182 

*25 

179 

*28 

177 

*26 

182 

*30 

17* 

*27 

180 

ACCORDING  TO  QSET1,  THE  ACCORDING  TO  OSETZ,  THE 

THRESHOLD  VALUE  PRODUCING  THRESHOLD  VALUE  PRODUCING 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  -  *26  THE  PEAK  OF  THE  VTC  CURVE  IS  N 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  «  *52  ACTUAL  VTC  PEAK  OCCURRED  AT  N 

ERROR  FROM  CORRECT  N  ISt  A26  ERROR  FROM  CORRECT  N  IS:  A26 
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QSET1  A6233 

- - PASS  1 

N  VTC 

128  1 
256  1 

384  114 

512  136 

640  0 

768  0 

896  0 

- PASS  2 

N  VTC 

416  182 

448  178 

480  156 

512  136 

544  105 

576  49 

608  2 

- PASS  3 

N  VTC 

392  139 

400  149 

408  156 

416  182 

424  200 

432  190 

440  188 

- PASS  4 

N  VTC 

418  184 

420  186 

422  183 

424  200 

426  192 

428  191 

430  196 


QSET2  A6233 

-  —PASS  1 

M  VTC 

192  1 

256  1 
320  19 

384  114 

448  178 

512  136 

576  49 

- PASS  2 

N  VTC 

400  149 

416  182 

432  190 

448  178 

464  172 

480  156 

496  149 

- PASS  3 

N  VTC 

420  186 

424  200 

428  191 

432  190 

436  193 

440  188 

444  184 

- PASS  4 

N  VTC 

421  189 

422  193 

423  202 

424  200 

425  194 

426  192 

427  192 


ACCORDING  TO  QSET1,  THE 

THRESHOLD  VALUE  PROOUCXNG 

THE  PEAK  OF  THE  VTC  CURVE  IS  N  «  424 

ACTUAL  VTC  PEAK  OCCURRED  AT  N  -  423 

ERROR  FROM  CORRECT  N  ISt  1 


ACCORDING  TO  0SET2,  THE 
THRESHOLD  VALUE  PRODUCING 
THE  PEAK  OF  THE  VTC  CURVE  IS  N 

ACTUAL  VTC  PEAK  OCCURRED  AT  N 

ERROR  FROM  CORRECT  N  IS:  0 


APPEND I X  D 


DATA  SET  TRANSFER  AND  PLOTTING 

The  purpose  of  this  appendix  is  to  document  the  procedure 
for  gathering  VTC-versus-N  data  and  transferring  it  to  the 
Multics  Computing  System  for  analysis.  Included  are  the  source 
codes  and  explanations  for  the  software  used  with  the  F8 
microprocessor  and  with  the  Multics  Graphics  System. 

To  analyze  the  VTC  curve  for  a  particular  set  of  conditions, 
the  first  step  is  to  prepare  the  scanner  for  gathering  a  data  set 
by  loading  and  running  the  software  package  PLOT4  with  Sense 
Switches  4,  5,  and  6  in  the  DOWN  position.  (The  Sense  Switches 
are  located  on  the  front  panel  of  the  F8).  With  the  Experimental 
Calibration  Pattern  (ECP)  ready,  the  scanner  start  button  should 
be  pressed  to  initiate  the  page-scanning  sequence.  Once  the 
moving  assembly  is  approximately  mid-page,  the  scanner  should  be 
frozen  in  position  with  the  Crossfeed-Motor  Pause  Switch.  Now, 
by  referencing  the  shape  of  the  analog  video  signal  with  an 
oscilloscope,  the  ECP  to  be  scanned  can  be  placed  into  position. 
VTC  data  are  taken  and  stored  in  the  F8  RAM  memory  when  Sense  5 
is  placed  to  the  UP  position.  Since  PLOT4  gathers  VTC  data  for 
every  value  of  N  from  N  *  0  to  N  =  768,  it  will  take  about  three 
seconds  from  the  time  Sense  5  is  activated  until  all  data  have 
been  stored.  The  status  of  the  lights  on  the  front  panel  of  the 
F8  will  indicate  when  data  transfer  is  complete.  (Note  that  it 
is  a  simple  software  modification  to  alter  the  sampling  range  of 


Page  201 


N  if  necessary.)  At  this  point,  if  one  is  satisfied  with  the 
conditions  under  which  the  data  was  taken.  Sense  4  can  be  placed 
UP  which  will  terminate  the  PL0T4  routine.  Otherwise  PLOT4  can 
be  recycled  by  first  placing  Sense  5  DOWN  and  then  momentarily 
placing  Sense  6  UP  and  then  DOWN. 

By  resetting  PLOT4 ,  this  enables  the  user  to  overwrite  the 
original  set  of  data  with  new  data. 

The  next  step  is  to  enter  the  F8  DEBUG  program  to  gain 
access  to  the  data  set  that  is  now  stored  in  RAM.  The  data 
buffer  begins  at  memory  location  OIOO(HEX),  but  significant  data 
normally  starts  between  0500(HEX)  and  0600(HEX).  The  data  can  be 
examined  in  BYTE  form  by  using  the  DIM  (display  memory)  command 
described  in  the  F8  manuals.  Values  of  N  and  VTC  each  require  two 
bytes,  and  N-VTC  data  pairs  are  stored  consecutively.  As  an 
example,  data  displayed  by  the  command,  DIM  0910-0A7F  are  shown 
in  Figure  D.l.  To  minimize  the  amount  of  storage  and  Multics 
computer  time  required,  the  bounds  of  significant  VTC  data  should 
be  ascertained  before  transferring  any  information  out  of  RAM. 

With  the  bounds  of  the  data  determined,  the  next  step  is  to 
write  the  data  into  an  F8  disk  file  for  permanent  storage  and 
ease  of  manipulation.  While  still  in  the  DEBUG  program,  the 
following  sequence  of  commands  will  accomplish  this: 

MON 

ASS  CR  WDISK  <f ilename>,00:l 

DEBUG 

DIM  <starting  RAM  address>-<ending  RAM  address> 

MON 

ASS  CR  ZTO 
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The  data  set  is  now  in  the  form  of  an  ASCII  file  on  disk.  To 

transfer  the  data  to  the  Multics  System,  the  following  commands 

must  be  added  to  the  file  by  the  XEDIT  editor.  Before  the  data, 

include  these  lines: 

Aversion  2 
fctrace  off 
tattach 
apl  -ttp  ASCII 
input 2 

After  the  data,  include  these  lines: 

stop 

&detach 

&quit 

The  disk  file  should  now  appear  like  the  example  in  Figure  D.2. 

The  F8  program,  MULTX,  is  used  to  transfer  the  disk  file  to 
a  Multics  storage  segment  via  dial-up  link.  Since  the  data  set 
is  now  set  up  as  an  exec  file,  the  Multics  segment  name  must  have 
the  .ec  suffix,  e.g.  filename.ee.  With  the  data  in  a  segment, 
any  of  a  number  of  options  can  be  employed  to  convert  the  data 
from  its  ASCII  format  to  a  usable  decimal  equivalent.  However, 
this  author  used  APL  language  for  data  manipulations.  The 
procedure  therefore  continues  as  such:  An  APL  workspace  named 
CONTINUE  must  be  already  established  and  contain  as  a  minimum  the 
functions  INPUT2  and  CONVERT  whose  listings  and  explanations  are 
included  in  this  appendix.  With  these  prerequisites  met,  execute 
the  data  set  segment  with  the  Multics  command, 
ec  filename 

A  terminal  prompt  message  will  indicate  when  data  transfer  is 
complete.  Multics  is  now  in  the  APL  ASCII  mode  and  the  proper 
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conventions  must  be  followed.  To  complete  the  data  conversion, 
select  an  appropriate  variable  name  for  the  data  set  and  invoke 
the  function,  CONVERT: 

VARI ABLENAME  <-  CONVERT 

VARIABLENAME  becomes  a  two-dimensional  array  with  each  row 
representing  an  X-Y  (or  N-VTC)  data  pair.  The  various  APL 
functions  described  in  the  remainder  of  this  appendix  can  now  be 
used  to  operate  on  the  data  as  necessary.  One  note  of  caution 
concerning  the  plotting  functions  should  be  observed.  ALWAYS 
link  and  unlink  the  Multics  Graphics  I/O  at  the  Multics  Command 
level,  NEVER  while  within  the  APL  mode.  The  commands  to  do  this 
are, 

setup_graphics  (sg) 

remove_graphics  (rg) 

The  syntax  associated  with  these  commands  should  be  reviewed  in 
the  Multics  Users  Manuals  as  necessary. 
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FIGURE  ID*  1  SAMPLE  LISTING  OF  THE  FS  DEBUG 

PROGRAM  USING  "DISPLAY  MEMORY" 
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(version  2 
(trace  off 
(attach 
apl  -ttp  ASCII 
I nput2 

nO508  -  01  37  oo  01  01  38  00  01 

MO5E0  -  01  39  00  01  01  3A  00  03 
N05E8  -  01  38  00  18  01  3C  00  16 
NO$F0  -  01  30  00  07  01  3E  00  01* 
N05F8  -  01  3F  00  05  01  40  00  04 
N0600  -  01  41  00  06  01  42  00  03 
N0608  •  01  43  00  02  01  44  00  02 
H0610  •  01  45  00  01  01  46  00  02 
N0618  -  01  47  00  02  01  48  00  02 
N0620  ■  01  49  00  04  01  4A  00  02 
N0628  -  01  48  00  02  01  4C  00  04 
N0630  -  01  40  00  05  01  4E  00  05 

not 38  >  01  4f  00  06  01  50  00  OA 

N0640  -  01  51  00  OA  01  52  00  Of 

N0648  -  01  53  00  11  01  54  00  14 

H0650  -  01  55  00  13  01  56  00  15 

N0658  -  01  57  00  IB  01  58  00  IF 

H0660  -  01  59  00  24  01  5A  00  2A 

n0668  -  01  58  00  2F  01  5C  00  3E 

IW670  -  01  50  00  30  01  5E  00  3? 

N0678  -  01  5F  00  46  01  60  00  43 

H0680  -  01  61  00  40  01  62  00  40 

H0688  -  01  63  00  51  01  64  00  52 

*0690  -  01  65  00  5A  01  66  00  56 

H0698  -  01  67  00  52  01  68  00  53 

FI06A0  -  01  69  00  4  F  01  6A  00  58 

N06A8  -  01  68  00  57  01  6C  00  58 
N06B0  -  01  60  00  53  01  6E  00  56 
*0688  -  01  6F  00  58  oi  70  00  64 
AOfcCO  -  01  71  oo  50  01  72  00  62 
H06C8  -  01  73  oo  65  01  74  00  6C 
H0600  -  01  75  oo  6C  01  76  oo  73 
H0608  -  01  77  00  70  01  78  00  6E 
M06E0  -  01  79  oo  70  01  7A  00  6E 
N06E8  -  01  78  00  76  01  7C  00  76 
N06F0  -  01  70  oo  81  01  7E  00  77 
N06F8  -  01  7F  00  70  01  80  00  78 
M 700  -  01  81  oo  70  01  82  00  81 
H0708  -  01  83  oo  82  01  84  00  86 
H0710  -  01  85  00  8C  01  86  00  8C 
M718  -  01  87  00  88  01  88  00  90 
n0720  -  01  89  oo  91  01  86  oo  94 
n0728  -  01  88  00  90  01  8C  00  92 
n0730  -  01  80  00  A4  01  8E  00  A9 
n0738  -  01  8F  00  66  01  90  00  83 
IW740  -  01  91  00  84  01  92  00  BF 
M748  -  01  93  00  86  01  94  00  BE 
H0750  •  01  95  00  C4  01  96  00  CO 
n 0758  -  01  97  oo  C3  01  98  00  Cl 
M760  •  01  99  00  CA  01  96  00  CC 
n 0768  ■  01  98  00  CE  01  9C  00  CC 
>10770  •  01  90  00  CB  01  9E  00  00 
N0778  •  01  9F  00  C6  01  60  00  C7 
*0 7 80  -  01  At  00  C5  01  A2  00  CC 
n0788  •  01  A3  00  CA  01  A4  00  C8 

FIGURE  D.2 


M790  -  01  A5  00  BC  01  A6  00  BB 

n0798  -  01  A7  00  88  01  A8  00  BE 

n07A0  -  01  A9  00  Cl  01  AA  00  BA 

n07A8  -  01  AB  00  BB  01  AC  00  B6 

H07B0  -  01  AD  00  82  01  AE  00  84 

M7B8  -  01  AF  00  B4  01  80  00  BO 

n07C0  -  01  B1  00  B3  01  B2  00  B1 

n07C8  -  01  B3  00  81  01  84  00  AE 

n0700  -  01  85  00  AD  01  86  00  AC 

n07D6  -  01  B7  00  A5  01  B8  00  A3 

B07E0  -  01  89  00  AO  01  BA  00  90 

n07E8  -  01  BB  00  A5  01  BC  00  9F 

n07F0  -  01  BD  00  A2  01  BE  00  9F 

n07F8  -01  BF  00  9E  01  CO  00  9D 
noaoo  -  01  Cl  00  9E  01  C2  00  98 

M808  -  01  C3  00  9D  01  ca  oo  95 

nosio  -  oi  C5  oo  93  oi  C6  oo  92 

H0818  -  01  C7  00  95  01  C8  00  98 

no820  -  01  C9  00  91  01  CA  00  94 

H0828  -  01  CB  00  92  01  CC  00  8A 

B0830  -  01  CD  00  85  01  CE  00  85 

B0838  -  01  CF  00  82  01  00  00  84 

n0840  -  01  01  00  85  01  02  00  85 

n084S  -  01  03  00  8D  01  04  00  83 

n 0850  -  01  05  00  83  01  06  00  70 

n0858  -  01  07  00  83  01  08  00  7c 

n0860  -  01  09  00  73  01  DA  00  78 

fK>868  -  01  08  00  7E  01  OC  00  75 

H0870  -  01  DO  00  73  01  DE  00  6E 

M878  -  01  OF  00  68  01  EO  00  65 

nosso  -  01  El  00  7A  01  E2  00  60 

h0888  -  01  EJ  00  69  01  E4  00  69 

n089O  -  01  E5  00  61  01  E6  00  5B 

n0898  -  01  E7  00  5A  01  E8  00  50 

*0860  -  01  E9  00  57  01  EA  00  56 

n08A8  -  01  EB  00  54  01  EC  00  56 

nOSBO  -  01  ED  00  55  01  EE  00  50 

n08B8  -  01  EF  00  4A  01  FO  00  4B 

nosco  -  01  FI  00  47  01  F2  00  45 

noses  -  01  Fj  00  48  01  F4  00  3E 

nosoo  -  01  F5  00  40  01  FS  00  3F 

nosos  -  01  F7  00  34  01  F8  00  42 

nOSEO  -  01  F9  00  31  01  FA  00  38 

H08E8  -  01  FB  00  37  01  FC  00  38 

nOBFO  -  01  FD  00  30  01  FE  00  2F 

f*08F8  -  01  FF  00  32  02  00  00  29 

n0900  -  02  01  00  22  02  02  00  IF 

*0908  -  02  03  00  1C  02  04  00  20 

no9io  -  02  05  00  ic  02  06  00  13 

n0918  -  02  07  00  13  02  08  00  12 

W920  -  02  09  00  OC  02  OA  00  00 

H0928  -  02  OB  00  06  02  OC  00  09 

n0930  -  02  00  00  07  02  OE  00  06 

H0938  -  02  OF  00  05  02  10  00  03 

B0940  •  02  11  00  01  02  12  00  00 

H0948  •  02  13  00  00  02  14  00  00 

atop 
(detach 
(quit 
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0006 

0007 
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PL0T4  OP.G  0 

* 

TITLE  * CATA  PLOT  LATA  GENERATOR. 74 • 

« 

•  THIS  IS  THE  FOLLOW-ON  SOFT-'ARE  TO  PLTT2 

*  FOR  GENERATING  X-Y  PAIRS  TO  EVALUATE 
«  TEST  PATTERNS  TO  3S  US EL  3Y  THE  AUTO- 
-  MATIC  THRESHOLL  SEQUENCE. 


onto 

00  11 
0012 
0013 
0014 
0015 
0016 
0017 
0018 


APPROXIMATE  RAM  LOCATIONS  ARE  CISPLAYEE 
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VRITTEN  3Y  CAPT  3.0.  STANTON.  22  JUN  32. 
SENSE  SWITCH  FUNCTIONS t 
*  COWI  UP 


0019 

0020 

0021 

0022 

•  4  NORMAL  OPERATION 

-  5  HOLC  AT  BEGINNING 

-  6  HOLC  AT  END 

RETURN  TO  SOSA 

TAKE  CATA 

RETURN  TO  3EGINNING 

CC24 

m 

CC25 

m 

'■’OCC  002-i 

THRSINL 

31V 

H '  CO  * 

’HPESHGL-  LJ«--  INIT. 

COCO  ooa** 

THPSirrs 

Sit; 
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003C  COS? 

7CP.SET 

£0U 
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EIG  71  LEO  CNT  RESET 

00C3  0029 

THHHAX 

ECU 

H  ’  03  * 

MAY  TKSESHOL-  VALUE 

0100  0C3C 

CAT3UF 

ECU 

H ’ I 00 ' 

1ST  Ni/.OR-'  LOCATION 

OOCa  0031 

FI 

ECU 

4 

0002  0032 

F2 

ECU 

2 

0003  0C33 

F3 

TAP 

3 

0005  0034 

"Li 

EC’J 

C 

7005  0035 

SLY 

ECU 

6 

0035 

m 

0037 

* 

0000 

2A0 ICO 

o  i  or  oms 

IN  IT 

4*W  I 

S«Ti"F 

1 .1 1 TI AL!  TE  LATA  iUF 

0003 

2000 

0039 

LI 

THRSINL 

IMITIALITE  THRESHOLO 

0005 

50 

CCtiC 

LR 

0.  A 

COUNTERS 

0006 

2000 

0041 

LI 

THRSINH 

RO  IS  LOW  3YTS 

0008 

51 

C042 

LH 

1  .A 

R1  IS  HI  BYTE 

0009 

70 

0043 

CLP. 

OOOA 

54 

0044 

LR 

Ft. A 

OQCB 

52 

0045 

LR 

F2.A 

COOC 

S3 

0046 

LR 

F3.A 

OOOS 

20  IE 

OC  47 

*  ♦ 

CSC 

COOF 

56 

0043 

LR 

ELY.  A 

0049 

m 

C010 

70 

C050 

STARTER 

CLS 

HOLC 

0011 

30 

0051 

OUTS 

0 

UNTIL  SENSE  5 

0012 

AO 

0052 

INS 

0 

IS  PLaCEC  up. 

CC13 

2  12C 

0053 

:;i 

K^O* 

0015 

34FA 

0010  0054 

32 

STARTS® 

0055 

• 

0056 

•  call 

SUBROUTINE  FSTLN 

.  12/5C  3Y  R.L.”. 

0C57 

-  TO  TEST  FOR 

falling  e 

CGS  OF  PRINTLINE. 

0058 

* 

0017 

280032 

0032  0059 

?! 

FSTLN 

001 A 

208C 

0060 

PVC 

l: 

VC? SET 

RESET  "I LEO  COUNT 

00 1C 

2713 

0061 

OUT 

H '  l  3  ’ 
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use 

OajECT 

AE3H 

LINE 

SC  UPC 
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MODIFIED  SCANNER  CIRCUITS 


This  Appendix  contains  the  documentation 
for  all  changes  made  to  the  scanner  circuitry 
along  with  the  pin  connections  for  the  new  F8 
I/O  ports  10  through  13  (hex).  The  THRESHOLD 
LEVEL  GENERATOR  ( TLG ) ,  Video  A-to~D 

Converter,  and  VIDEO  COUNTERS  are  located  on 
the  VIDEO  DETECTION  AND  THRESHOLDING  board. 
The  old  Video  A-to-D  Converter  and  manual 
threshold  circuit  were  removed  from  the 
TIMING  AND  PROCESSING  board. 

Although  no  additional  circuits  were 
changed,  it  is  also  noted  here  that  during 
the  course  of  this  project,  severe  clocking 
interference  necessitated  the  relocation  of 
several  circuit  boards  that  use  the 
high-frequency  clock  signal  generated  on  the 
CCD  board.  Specifically,  the  following 
boards  were  mounted  on  the  top  of  the 
mechanical  moving  assembly  of  the  scanner  to 
minimize  the  lengths  of  the  leads  carrying 
clocking  signals: 

1.  SYNCHRONIZED  LINE-FREQUENCY  GENERATOR 

2.  F8  INTERFACE  BOARD  NUMBER  4 

3.  TIMING  AND  PROCESSING 

4.  VIDEO  DETECTION  AND  THRESHOLDING 
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U1  = - 

UZ  =  71LS193 
U3  -  71LS173 
m  *  7HS123 
136  =  71LS71 
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U10  =  7HS11 


FIGURE  E.2  TIHING  AND  PROCESSING  CIRCUIT  BOARD  LAYOUT 

Revision  2#  June  1982 
(U5  and  U9  Removed) 
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Cl  s  0.81  Microfarads 
CZ  3  8«01  Microfarads 
C3  =  ^7  Microfarads 
Cl  3  3,81  Microfarads 
01  3  13-Volt  Zener 
DZ  3  HP5I82-28U 
R1  3  SK  Ohns 
R2  3  6K  Ohns 
R3  3  IK  Ohns 
W  3  561  Ohns 
R5  3  278  Ohns 
R6  3  758  Ohns 
R7  3  3,6K  Ohns 
R8  3  3.6K  Ohns 
R9  3  568  Ohm 
R18  3  5K  Ohns 
Rll  3  588K  Ohns 
U1  3  A07533 
UZ  3  741 
U3  3  711 
IH  3  741 
U5  3  71LSM 
U6-74SM 
U7  *  LH311 
UB  3  7CS393 
U9  3  78LS393 
U18  3  7«88 
Ull  >  LH311 


FIGURE  E.3  video  detection  mo  thresholding 

CIRCUIT  BOARD  LAYOUT 
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VIDEO  DETECTION  AND  THRESHOLDING  BOARD 
PIN  CONNECTIONS 
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VTC  Bit  12 

TIMING  AND  PROCESSING  BOARD 
PIN  CONNECTIONS 
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EXTERNAL  EXPOSUR1 
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EXTERNAL  EXPOSURE 


NEW  F8  I/O  PORT  PIN  ASSIGNMENTS 


Port  Address _ Pin  Connections  (LSB  to  MSB 

10  12345678 

11  10  11  12  13  14  15  16  17 

12  ZYXWVUTS 


13 
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